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PREFACE

The North Carolina Legislature has dictated that all facilities constructed or renovated for the State, 20,000 GSF in area or larger, shall be designed on the basis of life-cycle cost.  The goal of this legislation is to ensure that designers maximize the long-term benefits to the State, within the confines of a specific capital appropriation, since it is obvious that the cost imposed on the State over the life of a building far exceeds the initial construction investment.

Since the passage of this legislation, the design of new state facilities in North Carolina has not undergone any significant improvement in quality as a result of life cycle costing.  The primary reason for this appears to be that life cycle costing is treated as an “academic exercise”, rather than as a design element, by architects and engineers.   The goal for this text is to help rectify this situation.
The first question, obviously, asked by the designer is what to address with life cycle costing.  In the past, relatively trivial analysis has been done: usually two or three mechanical alternatives and one or two architectural alternatives (almost always one of which is glass).  In actual practice, there is a large body of design decisions that must be evaluated on the basis of life-cycle cost.  This text presents these, with examples of how life ​cycle costing is applied in the decision-making portion of the design.  In general, the following design elements require life ​cycle cost evaluation:

1.
Should the new building be built at all, or is there existing space that can be renovated at a lower overall cost to the State?  What about using vacant space at another facility?

2.
Building shape and orientation (in conjunction with space planning).

3.
The fenestration for the building.  This analysis would address opaque-to-transparent wall ratios, types of glass, exterior shading devices such as fins, overhangs, etc., and interior shading devices.

4.
The opaque building envelope: materials, insulation levels, color, etc.

5.
Special architectural considerations such as vestibules, daylighting, and passive solar techniques.

6.
Mechanical systems, both primary and secondary, along with control schemes, equipment performance, etc.

7.
The electrical distribution system: voltages, type of distribution, and allowable losses.

8.
Lighting alternatives, including the type of lighting, illumination levels, and the use of daylighting.

It is obvious that life cycle costing permeates the entire design process and is not a stand-alone element.  To reduce the computational burden on the designers, this text presents a series of methodologies that can be used, quickly and relatively easily, to evaluate design alternatives.  In essence, the design burden is not significantly increased, however, the effort requires some shift in resources from the Contract Documents Phase into the Advanced Planning and/or Schematic Design phases---the earlier the better to prevent the re-hashing of decisions over and over again.

Obvious benefits accrue to the designer from applying as much analysis as possible, as early as possible.  First, the rationale for decisions becomes better developed and reduces “second guessing”.  Second, the documentation to support these design decisions becomes more complete and will produce less confusion and change on the part of Owners.  Third, the details of the design become well established earlier in the design process, reducing the potential for design changes at the Contract Document Phase.  And, last, the continuous evaluation of the life-cycle costs of various components will yield better control over the overall project cost, eliminating potential “over-budget” problems.

CHAPTER 1

WHY LIFE CYCLE COSTING

The concept of life-cycle costing is not new, and the methods and applications presented in this text are nothing more than more formal approaches to a process that is already familiar to most individuals: comparative shopping.  When you go to buy a new car, you look first at the price.  Then, you check the gas mileage rating so that you can estimate operating cost.  Next, you read up on the repair history of this model so you will have some idea of the maintenance costs.  You look into financing so that the cost of borrowed money is considered.  You check into resale values and, thus, estimate the value of the car in future years.  And, finally, you decide on how many years you plan to keep the car and thus establish, for you, its economic life.  All of this is factored into your estimate of the total owning and operating cost for your new car over the period you plan to keep it.

You have just performed a life cycle cost analysis!  The concept is very straightforward and is something with which you are already familiar.  The rest of this text is designed to provide the practicing Architect and Engineer with the methodologies and basic data to apply this same technique, in a somewhat more rigorous form, to the "buying decisions" that are made during the design of a building.

1.1 OBJECTIVES

In 1973-74, when energy prices began a rapid upward spiral, the cost of operating State facilities became a concern.  Studies at the time indicated that most buildings had been designed with no effort to limit the energy use by that building. Consequently, in 1975, the General Assembly enacted legislation (which was significantly modified in 1995 and again in 2001) to require that larger new and renovated State facilities be designed on a life cycle cost basis. This legislation is presented in Appendix A. 

The legislation requires that building designers evaluate a broad range of design decisions in order to select the alternative design elements that result in the lowest life cycle cost for the building.  The State Construction Office has established basic procedures for compliance with the mandated requirement in Section 321 of the North Carolina Construction Manual.  Each new or renovated State facility of 20,000 square feet or more of gross floor area must be designed on the basis of life cycle cost.
1.2 BASIC CONCEPTS

Just what do we mean by "life cycle cost analysis"?

Every facility constructed for the state has two basic sets of costs.  First, there is the capital investment required to construct the facility.  Second, there are the ongoing costs required to operate and maintain that facility.  For almost all types of facilities, the second set of costs, over the normal life of that facility, will far exceed the first cost.  Life cycle costing is simply a methodology by which a designer can evaluate the total cost of a building and its individual components over the entire period that the building or a component is expected to be utilized.  

This type of analysis is used to compare alternative design options so that designers can select the most cost-effective alternative.

Alternative design elements that (1) have different first costs and/or (2) will impact operating and/or maintenance costs differently must be compared utilizing a common basis.  The analysis, then, proceeds in four basic steps for each design alternative:

            1.  Compute the first cost associated with the alternative.

            2.  Determine the annual operating cost and/or maintenance cost for the alternative.

            3.  Establish the economic life, in years, for the alternative.

4.  Finally, utilizing a consistent calculation method, compute the total cost to purchase and operate each alternative over a common economic period or life cycle.  

The design alternative with the lowest total cost to purchase and own (lowest life cycle cost) is the alternative to be selected.

1.3 DEFINITION OF TERMS

"Present worth" is a calculation method whereby all future costs are summed to yield their current value.  If there was no such thing as inflation or if money could be borrowed without interest expense, the present value of all future costs would simply be the arithmetic sum of all those costs.  Adding this value to the initial capital cost would yield the total cost to buy and own the alternative over its life.

Inflation, or "cost escalation", means that recurring costs will increase as a function of time, i.e. costs go up every year.  Thus, present worth computations must take this into account.

In the following chapter, the details of life cycle cost computation, utilizing a present worth method, are presented.  The following terms will be used throughout this discussion and the remainder of the text:

alternatives - Different ways of reaching the objective or goal.  In economic analysis, objectives and goals are defined so that the consideration of different options or alternatives is not precluded.

amortization - The gradual reduction of the balance in account according to a specified schedule of time and amounts.  Usually the provision for extinguishing a debt, including interest, by means of regular monthly or annual payments.

analysis - A systematic approach to problem solving.  Complex problems are made simpler by separating them into more understandable elements.  Involves the identification of purposes and facts, the statement of defensible assumptions, and the derivation of conclusions therefrom.  The different types of analyses are distinguishable more in terms of emphasis than in substance.  All are concerned with the decision-making process; most of them apply quantitative methods.

assets - Property, both real and personal, and other items having monetary value.

assumptions - Judgments concerning unknown factors and the future which are made in analyzing alternative courses of action.

average - A quantity or value which is representative of the magnitude of a set of quantities or values related to a common subject.  Popularly refers to arithmetic mean. 

capital - Assets of a permanent character having continuing value.  Examples are land, buildings, and other facilities including equipment.  Also, the non-expendable funds used to finance an enterprise or activity. 

cash flow - The stream of monetary (dollar) values, costs and benefits, resulting from a project investment.

constraints - Limitations of any kind to be considered in planning, programming, scheduling, implementing or evaluating programs.

cost - The value of things used up or expended in producing a good or a service.  Also whatever must be given up in order to adopt a course of action.

cost analysis - Determining the actual or estimated costs or relevant spending options.  An integral part of economic analysis.  Its purpose is to translate the real resource requirements (equipment, personnel, etc.) associated with alternatives into estimated dollar costs.  The translation produces direct one-dimensional cost comparisons among alternatives.

design element - A specific component or aspect of the facility that has several alternative solutions.  For example, fenestration, walls, the mechanical system, etc. are design elements.

economic life - That period of time over which an investment is considered to be the least-cost alternative for meeting a particular objective.  Most typically, this is the functional life of the alternative component(s).

facility – A building or a group of buildings that share one or more common utility systems.

first or capital cost - The sum of the design, construction, and financing costs necessary to provide a finished building or building component ready for use.  Sometimes called the initial investment cost and including land costs, legal fees, surveys, soil borings, environmental assessments, site demolition, and relocation of existing structures and utilities. Design fees including all consultants. Construction costs, including costs of labor, material, equipment, general conditions, insurance, performance and payment bonds, contractor’s overhead, and profit. Other owner costs, including project administration/ construction management fees, material’s testing, contingencies, permits and regulatory fees.

inflation - Decrease in the value of money due to rising prices.

life cycle cost - All anticipated costs, directly and indirectly associated with an alternative during all stages: pre-operational, operational, and terminal.

loan/bond costs - Costs for interest for the term of the loan/bond.

maintenance costs, annual recurring - Costs for routine maintenance and minor repairs, annual maintenance contracts, facility cleaning, grounds care, trash disposal and recycling, space reconfiguration and up-fit, security, building operations, etc., Costs of fuel, utilities, supplies, equipment and contract services associated with these items.

operating cost - The expenses incurred during the normal operation of a building or a building system or component, including labor, materials, utilities, and other related costs.

owning or using agency - The department, division, or agency of state government that is the primary user of the facility under study; for contact purposes, “the owner”.

payback period - The length of time over which an investment outlay will be recovered.  Also referred to as payoff period or cash recovery period.

present value - The present worth of past or future benefits and costs determined by applying computational procedures to make alternatives comparable regardless of time differences in the money flows.

repair and replacement costs - Costs of major repairs to building systems and their components during the term of the analysis. Costs of scheduled replacements of building systems and their components during the term of the analysis. Include costs of design fees, demolition, relocation, disposal and recycling, contingencies as well as other owner costs. Include cost of labor, materials, equipment, overhead and profit, bonds and insurance.

savings - Reductions in costs.

savings-to-investment ratio (SIR) – A method of comparing the economic performance of two alternative design elements.  The “savings” is the difference between the operating costs of the two alternatives.  The “investment” is the capital cost difference between the two alternatives.  If a design alternative has both a lower operating cost and a lower investment cost, there is no need to compute SIR since this alternative would be automatically selected. The more common case is that an alternative with a higher capital cost will have a lower operating cost. If the SIR is equal to or greater than 1.0, the savings equal or exceed the additional investment cost and the alternative is desirable.  The greater the SIR above 1.0, the better the economic performance of the higher cost alternative.

sensitivity analysis - A procedure employed as a result of uncertainty as to the actual value of a parameter or parameters included in an analysis.  The procedure is to vary the value of the parameter or parameters in question and examine the extent to which these changes affect the results of the analysis.  For example, if an analysis indicates that Alternative A is preferable to Alternative B, sensitivity analysis might be performed by increasing the estimated capital cost of Alternative A and then examining the results of the analysis under this change.

simulation - An abstraction or simplification of a real world situation.  In its broadest sense any model is a simulation, since it is designed to represent the most important features of some existential condition(s).  Generally, however, the term simulation is used to refer to a model that is being used to determine results under each of many specific sets of circumstances rather than one which is being used to determine an optimal solution to a problem.

uncertainty - State of knowledge about outcomes in a decision which is such that it is not possible to assign probabilities in advance.  Ignorance about the order or value of things.

CHAPTER 2

LIFE CYCLE COST ANALYSIS AND REPORTING

Life cycle costing is utilized to compare alternative design decisions.  It provides for a consistent method of analyzing the economic aspects of each potential solution to a problem and allowing realistic comparison between the solutions so that the most cost-effective, e.g. least life-cycle cost, solution can be selected.  The process is simple and requires only that each potential solution be evaluated using the same criteria.  The result is an "apples-to-apples" comparison, not "fruit salad".

This chapter presents a basic analysis methodology to compute life cycle costs, to compare design alternatives to each other, and to report the results to the State Construction Office.  This methodology is called “present worth" analysis.

The computations to determine life cycle cost utilizing a present worth methodology are simple.  However, the methodology's accuracy depends wholly on the accuracy of the data utilized. Designers can calculate "garbage" life cycle costs simply by using data and/or assumptions that are "garbage".  Two different designers, faced with the same problem may have wildly different results, even when using identical, very rigorous life cycle cost calculations, because they used significantly different data and/or assumptions in their computation of life cycle cost for state facilities.

This chapter, then, will establish (1) consistent methods for establishing cost factors and (2) provide standard data for use in present worth calculations.

2.1 ESTABLISHING DESIGN ALTERNATIVES

The key to meeting the requirement for life cycle cost analysis of state facilities is to apply life cycle costing to all of the significant design decisions that must be made.  Table 2-1 provides a listing of typical design alternatives that impact life cycle costs for a facility.  

In Appendix E, Table 2-1 has been incorporated into a form that is to be used by the designer, the owning agency, and the State Construction Office during the design contract and fee negotiation period.  Here, the three parties must review the project scope and constraints and develop the list of minimum design alternatives to be included for life cycle cost analysis.  Other alternatives, identified as the design effort progresses can be added to the list, with appropriate contract and fee adjustment.

Table 2-1

Component
Typical Alternatives to Analyzed

Predesign
Maintain status quo (do nothing)


New acquisition or construction 


Leasing


Renovation, upgrade, or revitalization of an exiting facility


Use of other State facilities 

Site and Program
Building shape and orientation on the planned site (including impact on adjacent buildings)


Alternative site(s)

Architecture
Substructure

· Foundations

· Lab on grade

· Basement excavation

· Basement and retaining walls


Superstructure

· Floor construction

· Roof construction

· Stair construction


Wall construction

· Increased insulation levels, insulation placement, etc.

· Mass (passive solar thermal storage)

· Daylighting

· Building envelope (exterior closure) type


Fenestration

· Type, amount, and location/orientation of glass

· Indoor/outdoor shading devices

· Daylighting


Interior space plan

· Space arrangement 

· Circulation

· Finishes and colors

· Ceiling heights


Roof construction

· Increased insulation levels, type of insulation

· Roof membrane type and color

· Daylighting


Conveyances

· Selection of elevators and dumbwaiters

· Escalators

HVAC
Secondary HVAC system(s)

· System(s) type(s) and zoning

· Economizer cycle(s)

· Heat recovery (exhaust air, internal source, etc.)


Primary HVAC system(s)

· System(s) type(s) and energy sources

· Pumping/piping configuration

· Heat recovery, waterside economizer cycle, etc.

· Thermal storage (electrical demand shifting)

Plumbing
Plumbing system(s)

· Domestic hot water generation (method and energy source)

Electrical
Lighting

· Artificial lighting levels, methods, and control, including general lighting and task lighting.

· Daylighting


Power

· Voltage selection (building and large equipment)

· Transformers (quantity, locations, efficiencies)

2.2  ESTIMATING CAPITAL REQUIREMENTS

2.2.1 Capital Costs of Design Alterntives: The capital costs associated with an alternative are all of the costs that would be incurred in the design and construction of that alternative.  Construction costs, as estimated by architects and engineers, are often poorly estimated and even more poorly documented, particularly in the early stages of design.  Estimating building costs on a "per square foot" basis, or mechanical costs on "per ton" or "per cfm" basis, often leads to unpleasant surprises at later stages of design or upon receipt of bids. Obviously, the first step in the calculation of accurate life-cycle costs is the accurate estimation of construction costs.

Cost estimating data is readily available to designers from R. S. Means Co., Inc., Construction Plaza, 63 Smiths Lane, Kingston, MA  02364-0800, 800/334-3509 (Phone), 800/632-6732 (Fax).  Means publishes annual construction cost data in several different categories, including building construction, mechanical, electrical, repair and remodeling, interiors, residential and light commercial, site work, and concrete and masonry.  Also published are special cost data on square foot costs and assemblies’ costs.  Most of this data is also available on CD for use with cost estimating software.

Most construction cost estimating methods are based on the "quantity take-off" method whereby the estimator determines the quantity of each item of material and labor required and multiplies these by "unit costs" to obtain a final, total cost.  The construction costs for most design element alternatives must be estimated in this manner, particularly if the quantities of materials change between alternatives.  For example, to compare alternative fenestration, the amount of glazing, mullions, etc. must be known in order to compute a cost of construction.  Likewise, alternative HVAC systems must be compared utilizing accurate estimates of equipment quantities and capacities, including ductwork, piping, etc. 

Nothing new here…it is only necessary to develop each alternative design element sufficiently to make valid quantity estimates, determine the current unit costs, and multiply the two to produce a construction cost estimate. 

There are, however, classes of design elements that do not lend themselves to detailed quantity-based estimates.  These include the basic architectural elements such as building shape, orientation, and space layout, plus, in some cases, the fenestration and building envelope.  For these design elements, a relatively accurate, yet simple, method of producing cost estimates must be used, such as using the "Assemblies Cost Data" developed by R.S. Means Co., Inc.

Utilizing the “uniform cost control format” as summarized in Table 2-2, relatively accurate cost estimates can be obtained by evaluating the costs associated with various "assemblies” that make-up the total building.  For example, a brick and block wall would consist of 4" face brick, 4" by 8" by 16" concrete block, horizontal reinforcing, wall ties, mortar, and staging.  The Means assemblies costs combine all of these components into a single cost for an 8" masonry wall.  Literally hundreds of construction systems are defined and costed in the Means manual, relieving the designer from the major portion of the quantity takeoff requirement to produce a good cost estimate.  Simply knowing such basic quantities as the wall area, fenestration area, floor area, foundation type, structural type and space, etc. allows the designer to compute his costs. 

Table 2-2

Division
Cost Element

01
Foundation

02
Substructure

Slab on grade

Basement excavation

Basement walls

03
Superstructure

Floor construction

Roof construction

Stair construction

04
Exterior Closure

Exterior walls

Exterior doors and windows

05
Roofing

06
Interior construction

07
Conveying systems

08
Mechanical

Plumbing

HVAC

Fire protection

Special mechanical systems

09
Electrical

Power service and distribution

Lighting

Special electrical systems

10
General conditions

Mobilization expenses

Job site expenses

Demobilization expense

General office expense

11
Equipment

Fixed and movable equipment

Furnishings

Special construction

12
Site work

Site preparation

Site improvements

Utilities

Off-site work

Finally, the construction estimate must include, as applicable, a number of costs that are often overlooked by designers:

· Special equipment and/or rigging.

· Demolition.

· Additional architectural and/or structural requirements associated with mechanical alternatives

· Additional mechanical or electrical requirements associated with architectural alternatives.

· Contractor Overhead (Insurance, bonds, taxes, and special conditions), typically 15-20%.

· Contractor Profit, typically 5-20%.

Other costs that are included in the capital requirement are design fees, which may increase or decrease as a function of the selected alternative; special consultants' fees; mock-ups; special testing; etc.

All investment costs are computed as of the bid date and are assumed to occur at the beginning of Year 1 of the analysis period (economic life).

2.2.2 Loan and Bond Fund Factors: State facilities are normally constructed with appropriated funds allocated by the General Assembly.  The primary source for these funds are the general revenue from taxes and other income the state receives.  However, some projects may be funded from bonds issued against the credit of the state.  A small number of projects may have special financing, including contributions by other governments and/or the private sector or even loans.

With allocated and appropriated funds, there is no interest expense.  But, a bond or a loan must be amortized over its established term with the defined interest rate applied.  Therefore, for projects involving bond funds or loans, two factors must be known and included in the analysis:

1.  What percentage of the project cost is provided from bond or loan funds?  This can range from 0 to 100%.  Some costs, such as preplanning design fees, etc. may be paid from appropriated funds.  The owning agency must define the source of the money to be used for various elements of the project.

2.  What is the bond interest rate and term?  The owning agency will provide this interest rate information, which is obtained from the State Treasurer’s Office.

2.3  ENERGY COST EVALUATION

The computation of energy cost requires that two quantities be known:  (1) the amount of each source of energy consumed for the design alternative and (2) the unit cost or rate schedule for each energy source.  The second quantity is relatively easy to determine by contacting the utilities serving the site or, for some campus facilities, obtaining the cost for steam, power, chilled water, etc. that may be furnished from a central source.

The computation of the overall energy use of a building is a more complex undertaking.  Energy consumption in a building generally consists of the following components:

1.  Non-Thermal or "Base" Loads

a.  Lighting

b.  Appliances and equipment

c.  Domestic hot water heating

2.  Thermal or "HVAC" Loads

a.  Heating/cooling energy to offset heat losses and gains

b.  Ventilation air heating and cooling

c.  Air/water distribution fan/pump energy consumption

d.  HVAC equipment inefficiencies and parasitic energy

Base loads result primarily from the building occupancy and are weather independent, while HVAC loads vary with both occupancy and weather conditions.  Base loads are relatively easy to determine since they are a function of the connected load, any load diversity that may be present, and the number of hours they are utilized.

However, HVAC loads have more complicated consumption patterns, and computation of these loads is often an involved and tedious task.

Energy-consuming “loads” imposed by HVAC systems consists of three components:

1. Space Loads, or the actual heating or cooling energy (or both) that must be introduced into a specific space to offset the heat losses or gains that occur.

2. Secondary Systems Loads, or the net heating or cooling energy consumed at the secondary systems in satisfying the space loads.  Also included in secondary system energy requirements are fans, pumps, etc., and such distribution losses that may be present.

3. Primary Systems Loads, or the gross heating or cooling energy consumed by the boilers, chillers, etc., in satisfying the secondary system loads.  Included are additional distribution losses, equipment inefficiencies, and certain parasitic energy requirements.

ASHRAE has classed the various HVAC energy analysis methods on the basis of the sophistication of calculation and the degree to which each of the major load components are analyzed:

1. Single-Measure Methods: Simple methods, such as the heating degree-day method or equivalent full load hours used for cooling, which use essentially only one variable to estimate energy use, primarily as a direct function of space loads.  Inherent in these methods is the assumption that secondary and primary systems respond directly to space load requirements.

2. Multiple-Measure Methods: To improve accuracy, additional measures, such as ambient temperature, average solar radiation, etc. may be used to better compute the space load for a limited number of operating conditions.  Then, relatively detailed evaluation of secondary and primary systems performance is done. 

3. Detailed Simulation: These methods attempt, on an hour-by-hour basis, to determine the effects of temperature, solar, wind, building mass, control lag, and a host of other variables to compute the energy consumed.  The hourly calculations are then summed to yield monthly and annual results.

The single-measure methods are restricted to residential buildings or small, simple buildings that are air-conditioned 24 hours per day.  Thus, these methods (degree-days, equivalent full-load hours, etc.) are unacceptable for the scope of State facilities requiring life cycle cost analysis.  Appendix B contains descriptions and other data about a number of multiple-measure and detailed simulation energy analysis software tools that are available to designers for estimating energy use in a facility.  

Energy costs are computed on the basis of the energy consumption by the various building systems, multiplied by the unit cost for energy being paid by the owning agency.  For electricity and natural gas, utility rate schedules may apply.  For other fuels, the owning agency must provide their unit cost data to the designers.

On some campuses, each building may be served from a central energy plant with steam, high temperature hot water, and/or chilled water.  To determine the actual building fuel/energy consumption, it is necessary that the designer identify the central plant energy source(s) and include central plant conversion efficiencies in his/her calculations.

2.4  ECONOMIC LIFE DETERMINATION

The economic life for a specific alternative is the time frame within which it provides a positive benefit to the “owner”.  Thus, when it costs more to operate and maintain the alternative than it would to replace it, the economic life has ended.  Typically, the economic life (sometimes called "service life") is the period over which the alternative is expected to last physically.   Appendix C contains economic life estimates for typical building components.  Unless specific, documented data from other sources is available, these values should be used in life cycle cost analysis.  Designers are advised to investigate vendor claims relative to economic life very carefully and be realistic when defining a component’s economic life.

2.5  MAINTENANCE AND REPLACEMENT CONSIDERATIONS

2.5.1 Annual Recurring Maintenance: Annual recurring or “uniform” maintenance is a difficult cost element to estimate since (1) most designers have little experience in following-up on their designs to determine long-term costs and (2) actual costs vary widely based on the owner's maintenance philosophy.

Another impact on maintenance costs is the increasing degradation of quality of workmanship in the construction trades and the wider use of new and relatively untried materials and methods.  Higher than normal maintenance costs can result from poor detailing at the design stage, including insufficient allowance for expansion and contraction, incorrect choice or misuse of materials, poor joint conditions between different materials or components, etc.

Designers can contribute significantly to reducing maintenance costs by asking four questions when designing each component or part of the building:

1.  How can it be reached?

2.  How can it be cleaned?

3.  How long will it last?

4.  How can it be replaced?

Appendix D provides a limited amount of maintenance cost data that can be applied. 

2.5.2 Non-Uniform Repair or Replacement: The analysis of some alternatives will require that the designer estimate the current costs of major repairs or even component replacement that will be required in the future.  These costs are to be estimated at current dollar values.  The future cost is computed by multiplying the current cost by the appropriate year's escalation factor.  See Appendix D for a limited amount of repair and replacement cost data that can be applied.

2.6  INFLATION

Each April, the National Institute of Standards and Technology (NIST) of the U.S. Department of Commerce publishes an annual supplement to their Handbook 135.  This supplement establishes the “projected 10-year average inflation rate” that should be used for State facilities life cycle cost analysis.  The current inflation factor to be used in a life cycle cost analysis can be obtained from the State Construction Office’s website at http://interscope2.doa.state.nc.us/sco/main.htm.

2.7  USING LCCA-1.0 TO COMPUTE LIFE CYCLE COSTS

To aid the designer and to provide a uniform method of computation and reporting, the MS Excel 97 spreadsheet application “LCCA-1.0” has been developed and loaded on the State Construction Office’s website (http://interscope2.doa.state.nc.us/sco/main.htm).  This application is to be downloaded and used to compute life cycle costs of design alternatives.  Appendix E.2 contains a sample of this application.

To use LCCA-1.0, the following input data is required for each alternative:

General Data (Page 1):  On this page, the general information required to identify the project, the designer, and the alternative under study is input.  Each alternative should be assigned an identifier number that will be used throughout.

The "Design Alternative" section provides for a detailed description of the specific design alternative under consideration.  For example, alternative fenestration may be (1) fixed double-glazing with aluminum thermal-break mullions vs. (2) operable double-glazed wood frame windows.  Thus, for each design element, there will be two or more alternatives and two or more sets of analyses.

Data for Alternative (Page 2):  The economic data associated with the design alternative is input on Page 2.  The “Construction Year” represents the year (date) in which the project will be completed.  The “Economic Life” and “Inflation Rate” should be established based on the discussion above.

The "Capital Investment" represents all costs associated with the alternative that must be met from the project capital appropriation, including construction cost, design fees, special testing, mock-ups, rigging, etc., for the alternative.  Some alternatives will impact on capital requirements in a parasitic manner.  For example, one type of mechanical system may require more building area than another and the capital cost of the additional space must be included in that alternative's capital investment.  All of these costs are assumed to occur at the end of the project construction period, i.e., at the beginning of Year 1 of the project's economic life.

The “Loan/Bond” value is the percentage of the total capital investment that will be met with funds that are not appropriated.  The “Interest Rate” and “Loan/Bond Term” must be defined if the loan/bond percentage is any value other than zero.

Under “Annual Operating Costs and Consumption”, the individuals costs imposed by the alternative on the building energy systems and for maintenance during a full year's operation must be input.   

"Maintenance" represents all recurring costs that will be incurred in the normal operation or use of an alternative. This element includes normal preventative maintenance requirements, repairs, and partial replacements that would be anticipated over the economic life of the alternative.  These costs are assumed to be "annual recurring costs" in that they typically occur each year on an equal basis.

"Non-Recurring Repair/Replacement" represents future capital investment required to replace (or perform major repairs on) a design element.  In computing replacement costs, two factors must be remembered:  (1) these costs will be incurred in the future and, therefore, inflation must be included and (2) all future investment costs must be included such as design fees, rigging, building demolition and repair, etc.  For some cases, the economic life of an alternative may be so short that several "replacements" may be required.  In this case, a replacement cost would be required for each occurrence.

LCCA-1.0 computes a life cycle cost table (Page 3) for the design alternative showing the anticipated capital, energy, maintenance, and total costs for each year of the economic life and, finally, a total life cycle cost.

2.8  COMPARING ALTERNATIVES

After the life cycle cost for each design alternative is computed, the relative performance of the alternatives may require further evaluation before a final selection is made.

2.8.1 Alternatives with Different Economic Lives:  Sometimes, two alternatives for a design element will have different economic lives.  For example, alternative building heating and cooling systems may have economic lives of 20 years and 10 years, respectively.  In this case, the "replacement" of the shorter-lived system must be considered by assuming that this alternative system must be replaced once during the life of the other alternative.  At the end of twenty years, both alternatives would require replacement and, thus, the analysis period is 20 years.

If the life of the shorter-lived alternative were 15 years and the longer-lived alternative were 20 years, the analysis becomes somewhat more complex.  If we include a replacement cost for the first alternative at 15 years, then 10 years of life will remain at the end of the second alternative's life, and the cost comparison is not really valid.  To solve this type of problem, the use of "equivalent uniform annual cost" is required.

The technique of equivalent uniform annual cost consists of converting each alternative into an equivalent hypothetical alternative having uniform recurring costs.

Using LCCA-1.0, the total life cycle cost for each alternative is computed using the individual alternative's economic life.  The total life-cycle cost is divided by the alternative’s economic life to obtain a uniform annual cost.  The alternatives, then, can be compared on the basis of uniform annual cost. 

Example:  Compare Alternative No. 1, which has a 15-year life and a total life-cycle cost over that period of $175,000, with Alternative No. 2, which has a 20 year life and a life-cycle cost over that period of $200,000.

Solution:  The uniform annual cost for each alternative is computed as follows:

Alternative No. 1: $175,000 / 15 years = $11,667/Year

Alternative No. 2: $200,000 / 20 years = $10,000/Year

Thus, Alternative No. 2 would be selected for this design element even though it has the apparent "higher" life cycle cost.

2.8.2 Sensitivity Analysis:  Performing life cycle cost analysis requires that the designer make certain "assumptions" upon which calculations will be based.  As a professional, the Architect or Engineer is expected to make his assumptions based on experience and professional judgement after investigations.  Obviously, if alternative life cycle costs are computed on the basis of alternative assumptions, different assumptions probably would alter the outcome of the calculations.  Thus, for certain design elements, sensitivity analysis is required.

Sensitivity analysis, very simply, consists of asking the question "what happens if this assumption is wrong by 10%, or 25%, or even 100%?".  As professionals, Architects and Engineers should be able to make assumptions that will be reasonably close to actual conditions.  However, in some

cases, particularly with the more innovative design elements such as passive solar systems, thermal storage, daylighting, or cogeneration, experience and detailed knowledge may be insufficient to overcome the uncertainty factor.  In these types of design elements, or in any design element that the designer is not "comfortable", sensitivity analysis is required.

Sensitivity analysis consists of modifying the questionable assumptions so as to create a "family" of life-cycle costs and evaluating the resulting "sensitivity" of the analysis to the assumptions.  For example, examine the following case: 

Alternative No. 1:

Alternative: Utilization of a single-glazed direct  gain space on the South corridor area of the building.

      Economic Life:



20 years

      Capital Investment:


$35,000

      Energy:     

First Year Cost             $6,700

   


LCC  


$67,469

      Maintenance:
First Year Cost                $700

LCC

              $7,413

      Total Life Cycle Cost

          $109,882

Alternative No. 2:

Alternative:     Utilization of a wood-frame double-glazed windows and conventional heating system

      Economic Life: 



20 years

      Capital Investment: 

          $27,500

      Energy:     
      First Year Cost

$8,200

      LCC

         $82,574

      Maintenance:  First Year Cost

$  200

      LCC

           $2,118

      Total Life Cycle Cost

       $112,192

The more innovative passive solar system (Alternative No. 1) has a lower life cycle cost based on these calculations.  However, if the assumptions used to estimate the energy cost are in error by only 10%, then the energy cost goes to $7,370 and the life-cycle cost increases to $116,629, making the conventional approach (Alternative No. 2) more attractive.  

A good indicator that sensitivity analysis is required is (1) total life-cycle costs between alternatives that are very close and/or (2) when one alternative has a very fast simple payback over another alternative.  In this case, Alternative No. 1 saved $1,000 per year in operating costs with only

$7,500 additional investment, resulting in a simple payback of 3.75 years.  This is very fast for any envelope alternative and would automatically be suspect!  Likewise, the difference in life cycle costs is only 2.1%. 

The outcome of an economic analysis can be sensitive to more than one type of assumption.  For example, the construction cost for the alternative may be uncertain or the maintenance requirements may be "guesstimates".  In these cases, alternative sets of assumptions will produce alternative life-cycle costs and the results can be plotted graphically.  The resulting graphs may indicate a range of "required assumptions", i.e. to produce the lower life-cycle cost the assumptions must be within a specific range of values.  The designer then can research his assumptions in order to establish the potential validity of these ranges.  In the prior case, if the first cost had to be within $35,000 and $37,500 and the operating cost had to be $6,500 to $7,000 for Alternative No. 1 to have the lower life-cycle cost, the possibility of achieving these values must be thoroughly investigated and confirmed before this alternative is selected.

2.8.3  Selecting Alternatives Within the Project Budget: Design alternatives may be mutually exclusive or may be independent.  Therefore, the design with the lowest life-cycle cost may include a number of alternative design elements resulting in a total project cost that exceeds the construction budget.  In this case, the alternatives must be “ranked” on the basis of “cost effectiveness” so that the final design represents the lowest life-cycle cost within the available budget.  

For mutually exclusive alternatives, the alternative with the lowest life cycle cost is always selected.  However, for independent alternatives, a comparative method of ranking cost-effectiveness must be used.  

The simplest comparative method is to evaluate the savings-to-investment (SIR) ratio between the alternatives and rank the alternatives in SIR order.  Design alternatives resulting in a project cost within the budget are selected and all others, no matter how desirable, must be rejected.

To compare alternatives using SIR,  first define the alternative with the lowest capital investment as the base case.  Then, one at a time, all other alternatives are compared to the base case and ranked (ordered) on the basis of the computed SIR.

To compute the SIR of a particular alternative, the “investment” is computed as the difference between the life cycle investment (capital plus interest plus replacement) cost of the alternative under evaluation and the life cycle investment (capital) cost of the base case.  The “savings” is computed as the difference between the life cycle operating cost (energy plus maintenance) of the alternative under evaluation and the base case alternative.

For an alternative to be considered for selection, the SIR must be at least equal to 1.0, indicating that the operating cost savings at least equals all of the additional investment costs.  The greater the value of the SIR, the better the economic performance of the alternative.  Thus, to select mutually exclusive alternatives for inclusion in the project, the alternatives with the highest SIR’s are selected until the project budget limit is reached.

To aid in this calculation, the MS Excel 97 spreadsheet application “SIR-1.0” has been developed and loaded on the State Construction Office website.  This application is to be downloaded and used to compute SIR and compare mutually exclusive design alternatives.  Appendix E.3 contains a sample of this application.

To use SIR1.0, the following input data is required for each alternative:

The “Base Case’ is defined as the independent design alternative with the lowest life cycle investment cost, usually the “code minimum” design.

In Column A, list the ID number for each additional independent design alternative.

In Column B, enter the total life cycle investment cost for each alternative, obtained by summing the total “Capital” and “Repair/Replace” costs from LCCA-1.0.

In Column C, enter the total life cycle operating cost for each alternative, obtained by summing the total “Energy” and “Maintenance” costs from LCCA-1.0.

The values in Columns D, E, F, and G are computed by SIR-1.0.

2.9  LCCA REPORTING TO THE STATE CONSTRUCTION OFFICE

The life cycle cost analysis for a state facility must be reported to the State Construction Office in accordance with Section 321 of the North Carolina Construction Manual.  Basically, the report consists of the following elements, as illustrated in Fig. 2-1:

1.  The listing of design alternatives for analysis as agreed between the designer, the owning agency, and the State Construction Office during the fee negotiations with the designer.

2.  The results from LCCA-1.0 for all alternatives analyzed.

3.  Evaluation of the alternative life cycle costs (including SIR-1.0 computations) and selection of alternatives to be included in the project design.  Here, also, narrative descriptions fo the design elements and any other information necessary to substantiate selection must be provided.

4.  Total project life cycle cost and annual energy consumption.


[image: image2.wmf]Fig. 2-1  Life Cycle Cost Analysis Report Format

CHAPTER 3

ARCHITECTURAL DESIGN IMPACTS ON LIFE CYCLE COST

Key to the success of any life cycle cost study is the early collaboration between the architect, his/her civil, mechanical, electrical and structural engineers and the owning agency.  The design team will need to evaluate the impact that certain architectural decisions may have on the costs of civil, structural, mechanical and electrical systems, resultant energy costs, facility operations and maintenance costs, and facility repair and replacement costs that may result from these decisions.   Sustainable design practices should be employed in the design of any new facility and these elements factored into the life cycle cost analysis (see Chapter 6).

Where funding permits and a designer is contracted with to perform a feasibility or pre- design study, it is strongly recommended that the architect and his/her engineer begin their collaboration so that all factors including building systems that may impact the life cycle cost of the facility are evaluated.  These evaluations can then become a basis for further study and development in the schematic design phase of the project.

3.1 STARTING WITH “CODE” ARCHITECTURAL SYSTEMS

State buildings must comply with the North Carolina Energy Code (effective January 1, 2002), which is the ICC International Energy Conservation Code 2000, with modifications adopted by the North Carolina Building Codes Council.   Under this code, buildings three stories in height or less used for residential purposes are classified as “residential”.   All other buildings are classified as “commercial”.  

Residential buildings must comply with Chapters 1-3 and Chapter 4, Chapter 5, or Chapter 6.   Chapter 4 can be applied when the building utilizes renewable energy resources.   Otherwise, the building must comply with Chapter 5 unless the building consists of permanent “dwelling units” (multi-family).   Buildings meeting this definition may comply with Chapter 6.  

  

Commercial buildings must also comply with Chapters 1-3 and with Chapter 7 or Chapter 8.   Chapter 8 allows for “design by acceptable practice” for simple buildings.   However, most state facilities requiring life cycle cost analysis must comply with Chapter 7, which requires that the design be in accordance with ASHRAE/IENSA Standard 90.1-1999 Energy Standard for Buildings Except Low-Rise Residential Buildings. 

The starting point for the design of any architectural building system for a state facility is compliance with the minimum requirements of the North Carolina Energy Code.   Architectural elements and alternatives that improve energy use and cost, especially while reducing maintenance costs, should be evaluated using life cycle cost analysis.
3.2 ARCHITECTURAL DESIGN ALTERNATIVES

It is important when designing a new facility to establish the quality level of the project.  This should be based on the anticipated economic life of the facility (See appendix I ).  Once the quality level is established, the designer can address the major architectural systems that effect life cycle costing.  These systems can be divided into eight categories, as follows: 

1.   Site and program.

2.   Substructure.

3.   Superstructure.

4.   Wall construction.

5.   Fenestration.

6.   Interior space plan.

7.   Roof construction.

8.   Conveyances.

3.2.1 Site and Program: The building's shape, orientation and location on the proposed site need to be studied to determine how these factors may effect heating and cooling loads.  

The building’s shape can greatly impact the cost of the structural and HVAC systems required, depending on the complexity of the shape, the building’s height, and its length to width ratio.  The greater the distance of the floor to floor heights, the taller the building becomes, requiring a more expensive structural system as well as the cost for the increase in area of the exterior building envelope.

How the building is oriented on the site will effect the heating and cooling loads required to condition the interior spaces.  Southern exposures increase heat gains in the summer and winter while northern exposures increase heat loss in the winter.  East and west orientations result in heat gains in the morning and afternoon respectively.   Orientation can also increase or accelerate the scheduled maintenance and repair costs to the exterior skin.  This is due to environmental factors such as sun, wind and rain.

The location on the site will effect the cost to access and connect to the site utilities.  The site’s vegetation and proximity to any existing adjacent buildings may also effect the facility's heating and cooling loads and need to be analyzed.  A subsurface investigation will need to be conducted to ascertain the presence of unsuitable soils, rock and groundwater.  The results of this investigation can then be used to assist in locating the building on the site so that remedial costs to make the substrate suitable can be minimized.

3.2.2 Substructure: Consideration must be given to the type of substructures that will be employed in the facility as these can impact the initial as well as future maintenance and repair costs for the facility.
The designer and his structural engineer will need to review the sub-surface exploration report to determine the composition and structural capabilities of the underlying soils, including the presence of ground water if any.  Structural systems will need to be engineered to account for the sub surface conditions including any remedial work required to accommodate the future loads that will be imposed.  Even when structural systems and slabs are properly engineered for the given conditions, insufficient compaction of the sub grade may result in settlement of the slabs and/or structural footings resulting in costly repairs and maintenance.  Adequate inspection and testing of the sub-surface soils is necessary to ensure that proper compaction is obtained and that the potential for future detrimental settlement is alleviated.

Below grade structures such as basements, slabs and retaining walls present another concern.  They will need to be thoroughly waterproofed in order to resist the hydrostatic pressures exerted on the foundation wall, footing interface and slab on grade.  All through-wall penetrations should be correctly detailed and sealed to prevent water infiltration.  Proper drainage systems need to be designed and incorporated to direct water away from the foundation walls, footings and slabs.  These drainage systems will generally require a clean out at grade to facilitate future maintenance of the foundation drains.  Where ground water is evident, erosion to the underlying soils may occur and a more elaborate and maintenance intensive drainage system, such as sump pumps may be required to direct water away from the facility.  Failure of these systems results in costly repairs and usually necessitates the removal and replacement of not only the system at fault but also any walks, terraces, landscaping and other site elements which are located directly above in order to gain access to the system at fault.  The designer and engineer should use caution and care when selecting and detailing these systems.

3.2.3 Superstructure
: Floor, roof and stair construction should be analyzed not only for structural performance and life safety code compliance, but also for optimum use of the material relative to its cost.   Certain beam spans and column types are more economical to use than others.  Low slope roof structures should a have built-in slope so that a uniform slope insulation can be used in lieu of the more expensive tapered insulation.  Pitched roof structures offer the advantage of shedding the water off the roof surface versus the potential for ponding commonly found on low slope structures.  Galvanizing certain exterior structural steel elements such as lintels will result in greater corrosion protection and hence longer life, but if painted requires on-going maintenance.

3.2.4 Wall Construction: Increased insulation levels, insulation placement, the building’s mass, and the type of building envelope should be studied to determine their effects on the facility’s life cycle cost.

The initial cost of increasing the insulation levels in walls, roofs and floors exposed to the exterior should be evaluated relative to the overall energy costs during the economic life of the facility.  Proper placement of the insulation must be determined to prevent condensation problems within the envelope as well as interior surfaces.  This can result not only in the deterioration of the building envelope and interior finishes but will promote the growth of mold and mildew.

Massing of the building should be explored in conjunction with passive solar systems to lessen the energy costs for heating and cooling.  Solar thermal, and their associated energy storage systems, should be evaluated and incorporated where feasible.

Many facility maintenance costs can be attributed to poorly designed, constructed, or maintained building envelopes.  The composition of the building envelope should be carefully studied to ascertain the thermal and performance characteristics of the proposed materials and their intended applications.  

The enclosure on each side of the building has to deal with different conditions based on its exposure to sun and wind.  Southern exposures must accommodate a large swing in temperatures from day to night.  East and west facades must be suitable for shorter periods of sun exposure, but angles that are more difficult to control.  

There are three main types of wall systems: barrier, drainage, and rain screen, each of which has certain distinct advantages and disadvantages involving cost and performance.  The designer should have a thorough understanding of the principles of each system to prevent the infiltration of water to the interior.  Materials which are commonly employed on the exterior are natural stone, pre-cast concrete panel, glass fiber reinforced concrete (GFRC), composite aggregate polymer panel, insulated metal panel, composite metal panel, solid metal panel, exterior insulation finish system (EIFS), masonry curtain wall and glass and metal curtain wall.  Incorrectly used, any one of these materials can present not only aesthetic problems, but also permanent panel failures resulting in water leakage.  Common problems involve environmental degradation from sun, wind and water exposure, deterioration of joint sealants and gaskets, cracking due to thermal expansion and contraction, cracking due to a transfer of structural loads and movement and finally incompatibility of adjacent materials.  A thorough understanding of building materials and their use is critical to a successful building envelope.   The use of recyclable or salvageable materials is encouraged.

3.2.5 Fenestration: Natural daylighting can not only reduce the electrical costs of artificial lighting but research shows that it increases productivity.  North Carolina schools have reported increases from five to fourteen percent in student test scores in new day lighted schools compared to the norm.  Care must be exercised in the type and location of natural daylighting so that it’s use and placement is controlled.  Roof monitors, skylights and horizontal light shelves can direct light to interior spaces which are not along an exterior wall.  Daylighting, in combination with insulated high performance glazing and energy efficient artificial lighting, can reduce the lighting power required without sacrificing appropriate lighting levels.  Another potential benefit is that if properly designed, daylighting may produce less heat gain than that generated by artificial lights, thereby reducing the cooling requirements.

Indoor/outdoor shading devices such as sunscreens, interior screens or shades can be effective in reducing glare, controlling direct sun and decreasing heat gain and should be included in the life cycle cost study.   Light shelves on the south face of the building can be use to increase light penetration and reduce thermal loading.

3.3.6 Interior Space Plan: Space arrangement and circulation need to be studied not only to solve program and life safety egress requirements but also to address future flexibility and reconfiguration of the spaces.  Permanent building core elements such as mechanical rooms, stairs, elevators, toilets etc., should be located such that non-core spaces can be easily reconfigured with minimal disruption to the core elements.  Core elements should also be located so that they are easily accessible and maintainable.

Finishes for floors, walls and ceilings need to be durable and easily maintained and replaced.  Colors for finishes and ceiling heights should be studied to determine what effect they may have on heat gain and illumination levels.  Darker colors absorb more heat and require greater lighting levels, while lighter colors can show stains quicker and create more glare.

3.2.7 Roof Construction: Building energy, maintenance and repair costs are effected by the slope of the roof, roof insulation thickness, type of insulation and the type and color of roof membrane used.  

Basic roof types can be divided into two categories, low slope and pitched roof.  Pitched roofs tend to result in lower maintenance costs, but may present increased initial structural costs or aesthetic issues depending on the shape of the building.

The savings in the cost of energy for heating and cooling the facility versus the initial cost of increasing the insulation levels will need to be analyzed to determine the optimum thickness relative to the anticipated economic life.  Insulation types also need to be evaluated to ascertain permeability, density for roof top foot traffic, aged R- value relative to thickness, and compatibility with other components in the roof system including required fire resistant roof ceiling assemblies, if any.

Commonly used membranes include single ply, built up, modified bitumen, asphalt shingle and metal panel.  The designer has to evaluate the advantages and disadvantages including initial costs and maintenance and repair costs of each system.

Lighter colored membranes offer energy savings by reflecting light and heat thus reducing cooling loads; but, they also show environmental stains which can be an aesthetic concern if the roof top is visible from adjoining facilities.  Reinforced membranes are better able to withstand the foot traffic and wear and tear caused by maintenance personal than other types.  Certain asphalt-based membranes are self-healing when slightly punctured while polymer single plies are not.   All roofing systems are subject to harsh environmental influences from wind, rain and sun.  The designer should have a thorough understanding of each type in order to obtain optimum performance relative to the life cycle cost.

As discussed in 3.2.5, daylighting can be introduced to the interior via roof monitors and skylights, however; careful attention must be given to the design and detailing of the skylight unit, curb height and composition and flashing.  Many leaks that occur at roof penetrations or membrane termination points are due to poor detailing and or construction of the roof system and its flashing components.  To ensure that details are properly drawn, designers should consult trade manuals such as SMACNA and NRCA Roofing and Waterproofing Manual, in addition to the manufacturers’ published details and specifications.

3.2.8 Conveyances: Elevators, dumbwaiters and escalators should be selected based on load capacity, durability, maintenance contract costs, utility costs, sustainability and the North Carolina Department of Labor’s Elevator and Amusement Device Division guidelines.

The two basic types of commercial elevators are hydraulic and electric traction.  Hydraulic is less expensive than traction but requires greater service and operational costs.  Hydraulic also requires drilling for the installation of the plunger, often raising the cost where rock is encountered.  Due to its lower installation costs and speed of travel, hydraulic conveyance is more suited for low-rise (3 floors or less) construction, while traction conveyance is more suited for high rise buildings with 4 stops or more.   With the concern for sustainability and energy efficiency, many manufacturers are producing products that address these concerns.  The designer should evaluate these innovations and determine those products that offer the best life cycle cost relative to the conveyances programmatic requirements.

CHAPTER 4

MECHANICAL DESIGN ALTERNATIVES

Historically, the mechanical designer for a building has always had two jobs: first, he must satisfy the functional requirements for the mechanical systems with the budget constraints imposed by the Owner and, second, he must accomplish this within the building constraints imposed by the Architect.  Typically, the mechanical designer is not brought into the design process until the Design Development Phase (or, even the Construction Documents Phase) and is presented with essentially "fait accompli".  The Architect often looks to the mechanical designer as a technician who will produce a set of drawings, not necessarily a "design".  Any solution that works then becomes the optimum solution, particularly given the fee and schedule constraints that exist by the time a project reaches the Construction Documents Phase.

The purpose of this chapter is to emphasize the need for the mechanical engineer as a full partner in the design process from the earliest stages of design so that mechanical design decisions can be integrated into the overall building design and evaluated on a life cycle cost basis.  For example, one type of fenestration may require a particular type of terminal system to adequately handle the imposed heating and cooling loads, while a different fenestration may provide more flexibility in system selection.  And, one particular plan for the interior spaces may dictate that expensive room-by-room temperature control is required, but a different plan will allow larger temperature control zones.

4.1 STARTING WITH “CODE” MECHANICAL SYSTEMS

State buildings must comply with the North Carolina Energy Code (effective January 1, 2002), which is the ICC International Energy Conservation Code 2000 with modifications adopted by the North Carolina Building Codes Council.  Under this code, buildings three stories in height or less used for residential purposes as classified as “residential”.  All other buildings are classified as “commercial”.  

Residential buildings must comply with Chapters 1-3 and Chapter 4, Chapter 5, or Chapter 6.  Chapter 4 can be applied when the building utilizes renewable energy resources.  Otherwise, the building must comply with Chapter 5 unless the building consists of permanent “dwelling units” (multi-family).  Buildings meeting this definition may comply with Chapter 6.

Commercial buildings must also comply with Chapters 1-3 and with Chapter 7 or Chapter 8.  Chapter 8 allows for “design by acceptable practice” for simple buildings.  However, most state facilities requiring life cycle cost analysis must comply with Chapter 7, which requires that the design be in accordance with ASHRAE/IESNA Standard 90.1-1999 Energy Standard for Buildings Except Low-Rise Residential Buildings. 

The starting point for the design of any mechanical system for a state facility is compliance with the minimum requirements of the North Carolina Energy Code.  Mechanical systems alternatives that improve energy use and cost, and especially those reducing maintenance costs, should be evaluated by life cycle cost analysis.

4.2 SECONDARY HVAC SYSTEMS

Generally, HVAC systems are divided into two basic categories:

Primary Systems - The central apparatus that provides the primary heating or cooling media, usually boilers, refrigeration machines, etc.

Secondary Systems - The terminal systems that satisfy the individual space heating and/or cooling requirements, including air handling units, duct systems, heating and cooling coils, fan coil units, radiators, etc.

Obviously, in some applications the two systems are combined, such as in packaged units where compressors, heating equipment, and air-handlers are combined in one unit.  But, in most cases, it is easier to separate the two system concepts and evaluate each more or less independently.

It should be kept in mind that a system is sized for peak load conditions, but virtually the sole concern of the many variations of configurations of these systems is to react to changes from that peak load.  Indeed, a good measure of the quality of a system is its ability to satisfy part load conditions without imposing extra energy costs.  The following system descriptions are provided as an overview of design alternatives that engineers must consider when selecting terminal systems for a facility.

4.2.1 System Types and Applications: In “all-air” systems, air is circulated to the individual spaces by an "air-handling unit", either factory-fabricated or field-assembled (called "built-up" in the industry).  Typically, the air-handling unit consists of fans, heating and/or cooling coils, filters, dampers, and controls.  All-air systems generally fall into three basic categories (with many variations!) as follow:

Single Zone: Of the all-air systems, this is perhaps the simplest and more energy-efficient type of secondary systems.  Basically, this system consists of an air-handling unit with a heating and cooling coil controlled in sequence in response to the room conditions as indicated by the room thermostat.  It provides a constant amount of supply air, delivering warmer or cooler air depending on whether the space is calling for heating or cooling.  During part load conditions, total airflow remains constant and discharge air temperature is varied to maintain the desired room temperature.

Obviously, the application of this system is best in a space that is large enough to warrant its own single air-handling unit, such as a computer room, one large area, or a number of small areas with very similar load conditions.  The difficulty in applying this type of system in a multi-room environment is that these rooms, typically, will have dissimilar load conditions and, consequently, one space or the other cannot be satisfied.  Spaces with different orientations and/or internal load conditions will require different responses by the air system in order to maintain conditions. This system, with only a single point of control, cannot respond properly to multiple (different) conditions.

The advantages of this system is that it is simple and relatively inexpensive to install, while being relatively energy efficient and imposing no significant additional maintenance costs. 

Multizone: Typically, the multizone system is applied to buildings where individual room control is not necessary, but there are enough different load conditions to eliminate use of the single zone system.  The “traditional” multizone system delivers both hot air and cold air to each set of zone mixing dampers that, under thermostat control, modulate to blend the two air streams to yield a zone supply temperature required to satisfy the imposed load.  This blending amounts to reheat and makes the traditional multizone system relatively energy inefficient.

To improve the energy performance of the multizone system, engineers have developed the "bypass” multizone system.  The traditional multizone system has heating and cooling coils in parallel, with a single supply fan. However, the bypass multizone eliminates the unit heating coil (using only a perforated plate), creating a "bypass hot deck", and utilizes heating coils in each individual zone.  Thus, the mixing dampers and heating coils can be operated in sequence, closing off the cold deck before heating is energized and eliminating the reheat energy component.  The cold deck temperature is set on the basis of the zone requiring the coldest air.  

Variable Air Volume (VAV): Generally, the variable air volume system delivers cooling only, varying the volume of supply air to a particular space based on thermostat requirements and is often the most energy-efficient selection for comfort air-conditioning applications. 

The simple VAV system central apparatus consists of a supply fan, the cooling coil, filters, and dampers.  VAV terminal devices are controlled from room thermostats to vary the volume of the air to that particular space.  Fan static pressure controls are provided so that, as the volume of air in each space is reduced based on load conditions, the fan will respond to the increase in static pressure in the duct system by slowing the fan speed with a variable speed drive.  This type of system works very well in core areas of office buildings, which often require cooling year around.

During part load conditions, the discharge air temperature remains essentially constant and the volume of supply air is varied to maintain the desired room temperature. 

The simplicity of the VAV system is only one step removed from the single zone system and the first cost is only somewhat higher.  Due to the variable flow aspect, energy use by the system will be lower than single zone, but the maintenance costs may be slightly higher because of additional controls and the variable speed drive.

The obvious disadvantage to the simple variable air volume system is that it provides only cooling.  Therefore, if both cooling and heating is required, the VAV system can be used to provide cooling and (1) a different system used to satisfy the heating requirements or (2) reheat must be added to the VAV system, reducing its energy efficiency significantly.

“Air-water” systems utilize a central apparatus very similar to all-air systems, but also involve the use of secondary heating and/or cooling media, usually water, to improve control or supplement system capacities.

Terminal Reheat:  "Terminal reheat" indicates that heating is done at the individual room in response to the room thermostat.  Typically, the terminal reheat system has a central apparatus consisting of a supply fan and cooling coil providing cooling on a constant volume basis year-round.  As the room cooling loads are reduced from their peak, the thermostat responds by adding heat to offset this loss in cooling load. (This is undoubtedly the most energy inefficient system ever designed!).  This concept provides excellent temperature control and must be used in applications were close humidity control is required.

During part-load operations, both supply air volume and discharge temperature remain constant and, thus, except for the influence of outdoor air, the cooling coil load is constant no matter what is occurring in the spaces.

The reheat load in any space is equal to the difference between the maximum sensible cooling load and the sensible cooling load occurring at the time being investigated.

To improve the energy efficiency of this system, the variable air volume reheat system can be used.  With this concept, the central apparatus is the same, but the terminal unit responds to reduction cooling loads by first reducing the air volume to a preset minimum and then energizing the heating coil.  Typical volume reduction is 50-70% depending on the space ventilation requirements.

Fan Box (Fan Powered Terminal Unit): This concept is a variation of the variable air volume terminal reheat system that is designed to eliminate the air distribution problems that are common to VAV systems at low supply air flow rates.  The central apparatus is identical to the VAV/reheat system.  However, a terminal unit with an internal fan in series with the volume control damper is added.  This terminal unit operates as a “constant volume” device as far as total airflow in the space is concerned, but as a “variable volume” device for temperature control.  

This concept is less efficient than VAV/Terminal Reheat due to the use of the terminal unit fans operating in a constant volume mode.  The systems are more complex and have a higher first cost and maintenance costs.  But, their application does eliminate the poor air distribution problems common to VAV systems.

There are a large number of types of “unitary” or “incremental” systems that, in multiples, can be applied to larger facilities, particularly residential facilities:

Incremental Units: Incremental units are basically packaged full heating, cooling, and air-handling systems that are mounted in a through-the-wall or under-the-window type of unit, i.e., the typical motel unit.  It consists of a heating coil, a cooling coil, a refrigeration compressor to provide the cooling, and a fan that supplies the air to the space.  This unit is a small version of a constant volume variable temperature system, in which the primary and secondary system components are packaged as one device.

Heat Pumps: The heat pump is a refrigeration cycle-based heating and cooling system.  In concept, heat is removed from one area (heat source) by cooling that area and rejected to another area (heat sink) heating it. 

ASHRAE classifies the commonly used heat pump systems on the basis of the heat sinks and sources as follows:

The air-to-air heat pump, the most common type, is particularly suitable for factory-built unitary heat pump, and has been widely used for residential and commercial applications.  In air-to-air heat pump systems, the air circuits may be interchanged by means of dampers (motor-driven or interchanged by means of dampers (motor-driven) or manually operated) to obtain either heated or cooled air for the conditioned space.  Or, by means of a reversing valve, actual refrigerant flow can be reversed.

Air-to-water heat pumps (also called "California heat pumps") are commonly found in large buildings where zone control is necessary, and are also sometimes used to produce hot or cold water in industrial applications.

A water-to-water heat pump uses water as the heat source and sink for both cooling and heating operations.  Heating-cooling changeover may be accomplished in the refrigerant circuit but, often, it is more convenient to perform the switching in the water circuits.

Other variations on the heat pump theme include:

Internal source heat pumps, where one part of a building is cooled and the rejected heat is utilized to offset heat losses in other parts.  This type of system is an excellent choice when there is a year-around heat source such as a large computer room.

Solar heat pumps utilize low level solar heat to augment normal heat pump cycles.

In commercial applications, the two most common heat-pump configurations are the air-to-air system and the air-to-water system.  The first is used as a single zone system in smaller buildings, while the second has seen application in schools and office buildings and is an important system concept for a designer's consideration.

Fan Coil Systems: Fan coil units are small single zone units utilized as room terminal units, served with hot and/or chilled water to maintain room conditions.  These systems are generally classified as follows: 

2-Pipe: Either hot or chilled water is piped throughout the building to a number of fan coil units.

4-Pipe: Two separate piping circuits are used and both hot water and chilled water can be distributed simultaneously.

Both the 2- and 4-Pipe systems are relatively energy efficient, but the 4-Pipe system is more versatile from a control and zoning aspect.

The Table 4-1 summarizes secondary systems application factors.

Table 4-1

System Type
Typical Applications
Energy Efficiency
Response to Load Variation
Maintenance





Require-ments
Sophis-tication

Single Zone

(including packaged systems)
Restaurants, shops, assembly areas, and other single zone applications, including any one zone in a multiple-zone building
Good 

(Fair for packaged systems)
Good

(Fair for packaged systems)
Low
Average

Multizone (Bypass)
Small office buildings, class-room buildings, perimeter zones of larger office buildings
Good
Good
Low-

Moderate
Average

Variable Volume (Cooling Only)
Core zones of buildings
Excellent
Good (Cooling only)
Low -Moderate
Above Average

Variable Volume Terminal Reheat
Hospitals, laboratories, computer rooms
Good
Excellent
Moderate
Above Average

Variable Volume Fan Box
Perimeter zones in office buildings
Fair
Excellent
Moderate
Above Average

Terminal Reheat (Constant Volume)
Hospital and laboratory spaces requiring positive room pressures
Poor
Excellent
Moderate
Average

Incremental Units
Hotel/motel rooms, nursing home patient rooms, apartments, dormitories
Fair
Fair
High
Below Average

Fan Coil Units (2- or 4-Pipe)
Hotel/motel rooms, hospital or nursing home patient rooms, apartments, classrooms, dormitories
Good (4-pipe), Fair (2-pipe)
Fair (4-pipe), Poor (2-pipe)
Moderate
Below Average

Water-to-Air Heat Pump
Classroom buildings, nursing homes, small office buildings, apartments, large homes
Good
Fair
High
Average

4.2.2 Economizer Cycles: Because of solar and/or internal heat gains, core areas of a larger building and/or south-facing perimeter areas may need cooling available on a year-round basis.  The designer has the option of arranging his air systems to utilize cold outdoor air to provide cooling in lieu of using mechanical refrigeration.  This airside economizer cycle uses dampers in the air-handling unit to take in enough outdoor air to maintain the required cooling setpoint when the outdoor air is cold enough (typically below 55-60 F).  A return air fan or relief air fan(s) is required as part of the air-handling unit to balance return air from the area served and relief air to the outdoors to prevent excess building pressurization.   The airside economizer reduces the cooling energy requirement to zero when in use, but adds first cost and maintenance costs to the system.

Packaged DX equipment smaller than about 10 tons is too small to justify the cost of an airside economizer cycle.  Therefore, this equipment must be provided with special components and controls for operation at low outdoor temperatures if winter cooling is required.

4.2.3 Heat Recovery: The primary opportunity for heat recovery for secondary systems is exhaust air heat recovery. Where exhaust airflows are significant, the amount of thermal energy that is being lost is also significant.  And, since the temperature of the exhaust stream is usually in the 70-80 F temperature range, it can be used to offset heating loads in the winter and cooling loads in the summer.

Table 4-2 summarizes the exhaust air heat recovery options that may be applicable for a state facility and which can be evaluated on a life cycle cost basis.

Table 4-2

Method
Eff
Advantages
Disadvantages

Rotary wheel
70-80%
· High efficiency, both sensible and latent heat recovery
· Exhaust and OA streams must be side-by-side

· Expensive

· High maintenance

· Low reliability

· Potential of cross contamination

· High pressure drop and increased fan energy

Heat pipe
55-60%
· Self-contained

· No cross contamination
· Exhaust and OA streams must be side-by-side

· Expensive

· Sensible heat recovery only

· Increased pressure drop and fan energy

Air-to-air plate heat exchanger
55-60%
· Self-contained

· No cross contamination
· Exhaust and OA streams must be side-by-side

· Sensible heat recovery only

Run-around system
55-60%
· Can be used with widely dispersed and/or multiple airflows

· No cross contamination

· Assembled from off-the-shelf components

· Lowest first cost
· Sensible heat recovery only

· Uses antifreeze solution

· Pump energy 

· Consumption

Heat pump (DX or chiller)
75-85%
· Can be used with widely dispersed and/or multiple airflows

· High efficiency, both sensible and latent heat recovery

· No cross contamination

· Assembled from off-the-shelf components

· Raises thermal level of recovered heat
· Increased pressure drop and fan energy

· Compressor energy consumption

Always, heat recovery systems increase first cost and maintenance costs, but reduce energy costs.

4.3 PRIMARY HVAC SYSTEMS

4.3.1 Cooling System Types and Applications: The term “cooling” as part of building energy systems generally refers to a “vapor-compression refrigeration system” wherein a chemical substance alternately changes from liquid to gas (thereby absorbing heat) and from gas to liquid (thereby releasing heat).  This basic “vapor-compression cycle”, when applied directly to the job of building cooling, is referred to as a “direct expansion” or “DX” refrigeration system. The reference comes from the fact that the building indoor air to be cooled passes “directly” over the evaporator without a secondary refrigeration being utilized. 

DX systems tend to be the least expensive approach to meeting cooling requirements.  However, these systems have significant limitations due to their on/off operational mode:

1. Temperature control is limited to a range of 2-3 F above and below the desired setpoint.  Therefore, applications requiring close temperature control generally cannot utilize DX cooling.

2. Humidity control is also limited at light load conditions.  Under these conditions when the compressor cycles on (or the unloaders open) in response to a call for cooling from the thermostat, it may operate for only a short period of time in order to satisfy the thermostat.  This operating time may not be long enough to allow the latent load to be satisfied and, thus, the space humidity level will gradually increase, often to unacceptable levels.

3. DX systems have limited capability in satisfying applications with very high ventilation rates (30% or more) and, therefore, generally are not used in hospitals, laboratories, etc. 

The efficiency of a direct expansion refrigeration system is a function of the amount of evaporator surface, the amount of condenser surface, the design of the compressor, and the conditions of operation. As a comparison between systems, the approximate input energy requirements shown in Table 4-3 can be used:

Table 4-3


                                              Energy Code Maximum

Type of DX System


Input Energy, kW/ton

Incremental Units (5 tons or smaller)

          1.24

Air-Cooled Systems (5-100 tons)
     1.41 – 1.46


               Evaporatively-Cooled Systems (5-100 tons)
          1.24

Water-Cooled Systems (25-100 tons)
          1.24___

Thus, packaged DX systems tend to have lower first costs, but higher energy and maintenance costs.  They also have a shorter economic life (10-15 years), which introduces the need to consider replacement costs as part of their life cycle cost.

Chilled water is produced by a refrigeration machine generally referred to as a water chiller  (or just “chiller”).  An electric-drive chiller consists of the following elements:

Compressor:  In smaller units (10-30 tons cooling capacity), the compressor will typically be a positive displacement (reciprocating or scroll) type.  As the units increase in size (40 to 200 tons), multiple positive displacement or rotary scroll compressors may be incorporated.  For these types of compressors, the expansion valve controls the refrigerant flow rate, thus controlling the cooling capacity.  Starting at about 100 tons cooling capacity (and available up to about 2000 tons), single compressor units are manufactured using either a rotary centrifugal or rotary screw compressor.  For these types of rotary compressors, inlet guide vanes or a slide valve, respectively, control the cooling capacity by modulating the refrigerant flow rate.

Evaporator:  A water-to-refrigerant shell-and-tube heat exchanger with refrigerant in the shell and water in the tubes is utilized.  This chilled water is cooled as the refrigerant absorbs heat and evaporates.

Condenser:  For air-cooled or evaporatively-cooled chillers, the condenser is an air-to-refrigerant coil located in the outdoors, where fans direct outdoor air over the coil to absorb the heat contained in the refrigerant.  For water-cooled chillers, a water-to-refrigerant shell-and-tube heat exchanger with refrigerant in the shell and water in the tubes is utilized.  This condenser water absorbs heat from the refrigerant and is pumped to a cooling tower where this heat is rejected to the outdoors.  Available in several different configurations and construction materials, cooling towers utilize evaporation to cool condenser water to within 5-7 F of the ambient wet bulb temperature by spraying the water over an open heat transfer surface and using one or more fans to direct outdoor air over these surfaces.

In some cases, absorption chillers have application.  These chillers utilize heat, in the form of steam or by the direct firing of fuel, to produce cooling.  Absorption cooling is far less efficient than electric-drive cooling, but it has the advantage of using much less electricity during the summer peak demand period.  Thus, poor operating efficiency for a short period may significantly reduce total energy costs and, for certain types of facilities such as hospitals, research laboratories, etc., should be investigated.

Table 4-4 summarizes the typical coefficient of performance (COP) for each type of water chiller at peak load conditions:

Table 4-4

Typical

Electrical Input kW/

Ton
Typical

Heat Input

Mbh/

Ton
Resulting

COP
Application

-
18.5
0.67
Single Stage Absorption Chiller

-
14.1
0.85
Two Stage Absorption Chiller

-
12.0
1.0
Direct-Fired Absorption Chiller

1.2
-
2.9
Air-Cooled Pos Disp Compressor

1.0
-
3.5
Air-Cooled Rotary Compressor

0.8
-
4.4
Water-Cooled (Old Chiller)

0.7
-
5.0
Water-Cooled (Poor Selection)

0.6
-
5.8
Water-Cooled (Good Selection)

0.5
-
7.0
Water-Cooled (Optimized Selection)

As the condenser water temperature increases, the compressor requires more energy. Thus, the designer can minimize the cooling energy requirement for a building utilizing a rotary compressor chiller by selecting the unit to operate with the highest possible leaving chilled water temperature and the lowest possible condenser water temperature. However, to prevent refrigerant migration, a condenser water temperature below 70-75 F is not recommended, unless specifically approved by the chiller manufacturer.

Energy use by a rotary compressor water chiller decreases as the cooling load imposed is reduced.  Electric-drive chillers operate more efficiently between 35% and 90% of full load, and most efficiently at about 60% load. Under these conditions, the gas flow rate is reduced yet the full heat exchanger surface of the cooler and condenser are still available. Below 25-30% load, the gas flow rate has reduced to the point where (1) heat pick-up from the motor and (2) mechanical inefficiencies have stabilized input energy requirements.

Water-cooled and evaporatively-cooled systems introduce requirements for water treatment and increased maintenance.  

Another aspect that must be considered as part of the life cycle cost of cooling systems is the cost of mechanical equipment space in the building to house the cooling system(s).  For packaged systems, the required building area may be small or even non-existent, while a chiller system, particularly one using absorption cooling, may require a large mechanical equipment room.

If primary cooling is provided by chilled water and a significant percentage of the secondary systems cannot utilize an airside economizer, the designer has the option in using a waterside economizer cycle.   This concept utilizes the cooling tower to provide low temperature water when the ambient wet bulb temperature is low (50 F or less).  A plate and frame heat exchanger then serves as a “chiller”, using cold tower water to cool the chilled water to within 2-3 F of the tower water entering temperature.

4.3.2 Heating System Types and Applications: With the exception of electric resistance heating and heat pump systems, the typical heating system relies on the burning (more commonly called “firing”) of fossil fuels. By definition, fossil fuels are solid, liquid, and gaseous substances that are carbon-based by​products of organic materials that once grew on the Earth. The common fossil fuels utilized in state facilities are oil, LPG, and natural gas.

Boilers are generally grouped into classes based on working pressure and temperature, fuel used, shape and size, usage (such as heating or process), steam or water, etc. Low-pressure boilers are constructed for maximum working pressures of 15 PSIG steam and up to 160 PSIG hot water. Hot water boilers are also limited to 250 F operating temperature. The controls and relief valves, which limit temperature and pressure, are not part of the boiler, but must be installed to protect the boiler. Medium and high-pressure boilers are those designed to operate at above 15 PSIG steam or above 160 PSIG and/or 250 F water.

Cast-iron boilers are constructed of individually cast sections, assembled to provide passages for the water, steam, and products of combustion. The number of sections assembled determines boiler size and energy rating. Sections may be vertical or horizontal, the vertical design being the most common.

Steel boilers are fabricated into one assembly of a given size and rating, usually by welding. The heat-exchange surface past the firebox usually is an assembly of vertical, horizontal, or slanted tubes. The tubes may be “firetube” (flue gas inside, heated fluid outside) or “watertube” (fluid inside). The tubes may be in one or more passes. A popular design for medium and large steel boilers is the Scotch, or Scotch Marine, which is characterized by a central fluid-backed cylindrical firebox, surrounded by firetubes in one or more passes, all within the outer shell.

Based on firing natural gas, the following are typical peak load efficiencies for the various types of boilers:

Cast Iron
80%

Fire Tube, 2-Pass
80-81%

Fire Tube, 3-Pass
84%

Fire Tube, 4-Pass
86%

Water Tube
84-85%

There are a number of considerations in the application of boilers to meet building heating needs. Basically, these considerations are generalized into a number of decisions that must be evaluated by the designer:

Heating Medium: For small systems of 100 boiler horsepower (bhp) or less, economics and control versatility tend to favor hot water as the heating medium. For larger systems, or where temperatures in excess of 200 F are required, steam is required.

Boiler Type: Boiler type is usually dictated by the capacity requirement, though other considerations are often necessary. In some sizes, cast iron sectional boilers are less costly than firetube types, with the relationship reversing as size increases above 200 bhp.

Load Profile and Boiler Control: A boiler that is very efficient at full load will be less efficient at part load.  Therefore, to determine the lowest life cycle cost configuration for a boiler plant, the heating load profile must be determined and the various potential configurations of boilers evaluated, as follows:

1. Small boilers have on-off control.  Thus, anytime the imposed heating load is less than the boiler capacity, the boiler must cycle to meet the imposed load.  This, due to fixed losses and pre-purge and post-purge burner cycles, reduces the boiler efficiency significantly.  And, the more it cycles, the poorer the boiler efficiency.  Typically, this problem can be overcome by using several small boilers that are “staged” so that cycling is minimized.

2. Larger boilers have “low-high-low” firing control, so two boilers of this type, operating together, yield four stages of capacity control.  The inefficiencies of toggling between low and high fire are much smaller than the inefficiencies of cycling a burner.

3. For boilers larger than about 150 bhp, fully modulating burners become economical.  The boiler capacity will match the imposed load down to the lowest achievable firing rate, usually about 12-15% of full load. 

There are a number of cost factors, other than the cost of the boilers and their energy use that must be considered:

Venting: Smaller, natural draft burners usually must be vented individually, while larger, forced draft burners can be vented to a common stack.

Combustion Air: Several small boilers may require more combustion air than two larger boilers, requiring larger openings and more louver area.

Piping: Several small boilers will require more piping for fuel, feedwater, and steam or hot water than two larger boilers, but the piping will be smaller in size.

Wiring:  Smaller boilers with atmospheric burners have small electrical loads and, often, several can be powered from a single circuit.  Smaller power burners are still small loads, but typically need individual circuiting and protection.  Large power burners may require significant 3-phase circuits to power them. 

Floor Area:  The area required to house the boiler system must be determined and its cost included as part of the life cycle cost analysis.

With electric heat, each kW of electricity will produce 3.413 Btu/h of heat in a direct resistance application. The efficiency of direct electric resistance heat is typically 98-99% efficient.  But, even though efficient, this option tends to be costly simply because of the high cost of electricity.  For most applications, the heat pump offers an energy-saving alternative. With a heat pump, the heat rejected on the condensing side of a refrigeration unit is utilized to heat a secondary fluid, air or water. The advantage to the heat pump is the higher COP due to work done by the compressor.  The COP for electric resistance heat is 0.98 to 0.99, while the COP for the heat pump, in heating mode, can be from 1.0 to 3.0 depending on the heat pump configuration and the temperature of the heat source.

There are two types of building steam heating systems:

1. Direct Radiation: radiators and convectors

2. Steam-to-Air: air-handling systems, unit heaters, etc.

Direct radiation building steam heating systems are rarely used today primarily because of steam’s poor space temperature control response.

Steam-to-air systems utilize a steam heating coil (a heat exchanger) to transfer the heat from the steam to a forced air stream. The quantity of steam that must be supplied to a given heat exchanger in order to transfer a specific amount of heat is a function of the steam temperature and quality, the character and entering and leaving temperature of the medium to be heated, and the design of the heat exchanger.

Steam has significant advantages for heating distribution in large systems.

1. Steam heat content, per pound, is much higher than for water, reducing pipe sizes. 

2.  Steam pressure provides its own transport energy for the heating medium without the need for pumps and the resulting pumping energy costs.

Thus, steam is often used as the primary heating medium where relatively large-scale distribution is required, such as college campuses, large prison facilities, etc.  However, the first cost for these systems is very high and they have high maintenance requirements.  Too often, poor installation can result in problems that significantly increase distribution losses due to leaks and poor insulation.  But, steam is the necessary choice when temperatures above 210 F are required in the facility.

4.3.3 Energy Sources: The proper evaluation of all energy sources for state facilities is required. The selection of fuels and energy sources must be made on the basis of life cycle cost.

In North Carolina, the available primary energy sources are electricity, natural gas, fuel oil, and LPG, more or less in order of magnitude. For any facility, certain loads must be met with electricity (lighting, conveyance, etc.), but the choice of fuel for heating and cooling is open.

In evaluating the fuel alternatives, it is necessary for the designer to obtain current cost information. For oil and LPG, the current cost consists of a “unit cost”, e.g., per gallon of oil, etc. A telephone call to the local supplier will provide the necessary cost information.

Natural gas is provided through one of the regulated utilities and is sold under one or more rate schedules. Natural gas rates tend to be very straightforward, consisting, usually, of a small base “customer charge” and then a unit price per CCF (hundred cubic feet) or therm (100,000 Btu) of natural gas usage. The only real question with gas rates is the proper application of a rate to the use to which the gas is being put. For example, a boiler fuel rate is an “interruptible” rate and is based on there being an alternative fuel for the boiler when gas is not available. Other rates, for customers with no standby fuel capability, are “firm gas” rates and have higher costs.

Designers need a clear understanding of applicable electric rates before attempting to analyze the impact of selecting electricity as a primary energy source.  See Appendix G for a discussion of electric rate schedules and how the electrical energy use pattern, in addition to the gross amount of energy consumed, can impact these costs.

At the large campus institutions of the State (universities and hospitals), there are existing steam or high temperature hot water distribution systems and, at several, chilled water distribution systems. For facilities at these locations, the comparison of “stand-alone” vs. “central” is an analysis that must be made on a life cycle cost basis.

The use of a central system to provide heating or cooling normally reduces the capital requirement for the facility if the new facility is close to the existing distribution lines. If there is any appreciable expansion of the distribution network required to serve the facility, capital costs may be significantly higher than for a stand-alone system.

Owners rarely have an accurate picture of their cost of service from a central system. Obviously, the cost of fuel consumed at the central plant is known, but the costs for maintenance, repairs, etc. are often buried in budgets that defy analysis. It falls to the designer, then, to determine all of the cost factors associated with the central plant operation and distribution.

Line losses associated with a central distribution system must also be determined and included as a cost element. This will often require testing of temperature drops, trap flow rates, etc. in order to determine losses with any accuracy.

In addition to the energy costs associated with each type of fuel, the designer must not overlook that different fuel selections will result in different equipment selections with correspondingly different maintenance, personnel, and replacement costs. All of these cost factors must be included in the life cycle cost analysis of this design element.

4.3.4 Heat Recovery: To be considered for recovery, a heat source must be at a temperature (or thermal level) that is high enough to be useful for some other purpose.  The following are typical primary system heat recovery options that may be applicable in a state facility:

Condenser Heat: The condenser water leaving a water-cooled chiller will have a temperature from 85-100 F.  While this is a relatively low thermal level, this heat can be used to preheat service water.

Boiler Waste Heat: All boilers have waste heat that is lost through the boiler vent.  This heat is normally at 350-450 F and can be recovered for service water heating, boiler feedwater preheating, etc.  Hot water boilers with capacities up to about 75 bhp are available that use condensing technology and extract 50-75% of this wasted heat, improving boiler efficiency to approximately 94%.  The automatic blowdown from steam boilers (used to help control boiler scaling) wastes water that is at 350 F or higher.  By routing this water through a flash tank and heat exchanger, 60-80% of the heat can be recovered to preheat boiler feedwater.

Building Internal Heat: An alternative to the use of economizer cycles to offset winter cooling loads is to use an internal source heat pump.  Under this scheme, the area is cooled by mechanical refrigeration and the rejected condenser heat is recovered to provide heating to adjacent perimeter spaces.

4.3.5 Thermal Storage: Generally, a thermal storage system will not reduce energy use and, in fact, the opposite is true, energy use will actually increase slightly with thermal storage due to heat transfer inefficiencies and storage losses.  However, with thermal storage, the cost of electrical energy can be reduced by taking advantage of the electrical rate structure.  

Under this scheme, excess cooling is done during off-peak periods and the thermal energy stored in ice or water storage systems.  During the on-peak periods, this stored cooling energy is used to meet some (or all) of the building cooling load without additional mechanical refrigeration that will impose its electrical demand.  Thus, electrical demand costs are reduced and, if done effectively, these cost savings will far offset the additional energy costs associated with the system.  

To evaluate thermal storage, the cooling load profile for the building must be determined for the peak load day (24 hours).  From the applicable electrical utility rate schedule (see Appendix G), the on-peak/off-peak periods are then determined.  The designer, then, must evaluate the system to determine the “balance” between mechanical refrigeration capacity and storage capacity so that over the 24-hour period enough cooling is provided to satisfy the building need when it is occupied.

4.4 PLUMBING HOT WATER SYSTEMS

Plumbing or service hot water systems are categorized on the basis of their energy source and amount of storage capacity:

Energy Source: Direct systems use fossil fuel(s) or electricity to heat service water, while indirect systems use steam, hot water, or other heat sources to heat the water.  Electric heaters have low first costs and the electricity is 98-99% efficient as a heat source, but its high unit cost yields very high operating costs.  Oil- and gas-fired heaters have code-dictated minimum firing efficiencies of 77-78%.  These heaters tend to have higher first costs, especially considering separation and venting requirements, but have lower operating costs than electric heaters. 

Storage: Storage systems utilize one or more tanks to contain service hot water that can be used upon demand.  The heating system is sized to heat water at a slower rate than the peak system requirement.  An instantaneous system has little or no storage and the heater(s) must be sized to meet the peak demand imposed on the service water system.  Storage systems tend to have higher heat losses that must be offset, but instantaneous systems have less efficient heat transfer.  

The designer, to accurately evaluate energy use by the system, must determine the service water use profile for the building (usually from ASHRAE data) and evaluate the alternative methods of meeting service water heating requirements.  

Return or recirculating piping systems must be incorporated into a service hot water system whose total distribution length exceeds about 100 feet.  A pump is provided to create a small circulation in the system, even when there is no use, to minimize the temperature drop to about 20 F at the most remote fixtures.  This pump is sized on the basis of the heat loss in the piping system (about 30 Btu/ft for insulated systems) and the 20 F temperature rise.  In hospitals, prisons, and other “24/7” state facilities, the pump must run all of the time since the building is essentially occupied all of the time.  However, for other facilities, the pump should be put under time-of-day control and turned off during unoccupied periods.  

The cost of installing and operating a return system may require that a “central” hot water heater system be compared to several small hot water heaters installed closer to the plumbing fixtures they serve.  In this analysis, the options for the types of heaters that can be used will probably vary between alternatives.

CHAPTER 5

ELECTRICAL DESIGN ALTERNATIVES

Historically, the electrical design engineer for a building has had two jobs: first, to satisfy the functional requirements for the electrical systems imposed by the Owner and, second, to accomplish this within the building constraints imposed by the Architect.  Typically, the electrical engineer is not brought into the design process until the Design Development Phase (or, even the Construction Documents Phase) and is presented with essentially "fait accompli".  The Architect often looks to the electrical engineer as a technician who will produce a set of drawings, not necessarily a "design".  Any solution that works becomes the optimum solution; particularly given the fee and schedule constraints that exist by the time a project reaches the Construction Document Phase.

This historical relationship is no longer acceptable.  The electrical engineer must be included as a full partner in the design process from the earliest stages so that electrical engineering design decisions can be integrated into the overall building design and evaluated on a life cycle cost basis.

The key electrical power systems in a building include lighting and power distribution.  The efficiency of the power distribution system and the levels, types and controls of lighting can have a significant cost impact. Accordingly, such an impact requires the comparison of alternative designs on a life cycle cost basis.

5.1 STARTING WITH THE “CODE” ELECTRICAL SYSTEMS

State buildings must comply with the North Carolina Energy Code (effective January 1, 2002), which is the ICC International Energy Conservation Code 2000, with modifications adopted by the North Carolina Building Codes Council.  Under this code, buildings three stories in height or less used for residential purposes are classified as “residential”.  All other buildings are classified as “commercial”. 

Residential buildings must comply with Chapters 1-3 and Chapter 4, Chapter 5, or Chapter 6.  Chapter 4 can be applied when the building utilizes renewable energy resources.  A building that consists of permanent “dwelling units” (multi-family) may comply with Chapter 6; otherwise, the building must comply with Chapter 5. 

Commercial buildings must also comply with Chapters 1-3 and with Chapter 7 or Chapter 8.  Chapter 8 allows for “design by acceptable practice” for simple buildings.  However, most state facilities requiring life cycle cost analysis must comply with Chapter 7, which requires that the design be in accordance with ASHRAE/IENSA Standard 90.1-1999 Energy Standard for Buildings Except Low-Rise Residential Buildings.  

The initial goal for the design of any electrical system in a state facility is compliance with the minimum requirements of the North Carolina Energy Code.  Electrical alternatives that improve energy use and cost, especially while reducing maintenance costs, should be evaluated by life cycle cost analysis.
Determining specific design criteria is the first step in the design and establishes the "floor" condition for life-cycle cost.  For the electrical engineer, these design criteria fall in two key areas, lighting and power distribution.  In addition to being driven by specific project design constraints, design criteria for lighting and power distribution are governed by various building codes.  Essential design parameters include the following:

1. Lighting

a. Illumination levels

b. Lighting power allowance

c. Switching/controls

d. Lamp efficiency

e. Ballasts

f. Color rendition

g. Re-strike

h. Lamp life

i. Architectural considerations

2. Power Distribution

a. Service voltage

b. System division (check metering)

c. Allowable losses

5.1.1 Lighting: Illumination levels are selected based on the "function served", i.e., the nature and difficulty of the task.  For this purpose, the selection of the quantity and quality of lighting must be made by the electrical engineer.  Often lighting designs result from the Architect’s use of fixture types and/or placement to satisfy a certain aesthetic goal.  This may yield gross over/under lighting, coupled with excessive energy consumption.  

To define the required quantity of lighting during the early stages of design, the electrical engineer must design a system that balances the recommended illumination levels for a given space against the code-required maximum “lighting power allowance”. Generally accepted illumination levels are prescribed in the IES Lighting Handbook (Illuminating Engineering Society of North America).  “Lighting power allowances” are defined in the North Carolina Energy Code, commonly referred to as the “Energy Code”. 

Control is another major element of the lighting design.  The “Energy Code” defines switching arrangements such that reductions in the overall lighting level may be effected under conditions such as partial occupancy of a space; custodial service; natural lighting complementing artificial lighting; and vacant space.  Lighting control can be achieved manually by occupants or through some type of automated control system. 

Various types of lighting are available for consideration by the designer. Each lighting type has differing qualities that must be considered.  The amount of light output per unit of power input (lumens/watt) defines the relative energy efficiency of the lamp.  Acceptable lamp ballast efficiencies and ballast wiring methodologies are addressed in the “Energy Code”. Color rendition requirements will have an impact on the types of lamps that can be utilized for a particular application.  The time required for lamp ignition after an outage will also influence the selection of lighting type.  Lamp life will have a bearing on the maintenance cost for each type of lighting.  Finally, the architectural considerations relative to room size, ceiling height, window/skylight placement and room finish colors can have a major impact on the lighting requirements.  The electrical engineer should clearly define this cause and effect to the Architect.

In determining the optimum type(s) of lighting systems for a State facility, the designer is expected to evaluate each of these parameters and alternative lighting methods.

5.1.2 Power: Power distribution in a facility has less flexibility in terms of alternative methods.  However, during the preliminary design stages, the electrical engineer should consider available options with regard to power distribution efficiency. For instance, when there is a choice of service voltage, particularly the service voltage to large loads and for primary distribution, life cycle cost analysis is required for proper evaluation.  Achieving system division to satisfy the “check metering” requirements of the “Energy Code” can impact the overall layout of a power distribution system, and hence have a first cost impact.  Also, even though there are normally accepted distribution losses, this element should be examined closely on a life cycle cost basis.

5.2 ARTIFICIAL LIGHTING

In evaluating alternative lighting methods, the first step is to determine the types of lighting that can be utilized for each occupancy classification in the facility.  Fluorescent and HID lighting are alternatives for most types of occupancies.  Because of its poor energy efficiency, incandescent lighting is rarely a viable alternative for general illumination any type of space.  In selecting alternative lighting systems, the ceiling height becomes an important consideration.  For example, indirect lighting requires a higher ceiling than direct lighting.  In schools, where ceiling heights are typically 9-10 feet, indirect lighting is a more viable alternative than in an office with an 8-foot ceiling. Because of increased illumination intensity, HID light sources are more appropriate for high ceilings than fluorescent lighting. These are examples where comparisons of lighting types on a life cycle cost basis would normally be required.

First costs include not only the cost of the lighting system (fixtures, lamps, wiring, etc.), but also the cost of the air-conditioning system (as applicable) required to remove the heat added by the lighting.  "Other" first costs include additional general construction to obtain higher ceilings, catwalks and other special provisions for maintenance, etc.

Annual power costs include the cost of operating the lights, and the cost of operating the air-conditioning system to satisfy the lighting load.  Note that a detailed analysis is required here to determine the energy associated with cooling in the summer and the energy used for heating in the winter.  Typically, one lighting design may increase summer cooling; yet decrease winter heating when compared to an alternative design.

Maintenance costs are relatively straightforward to estimate. Replacement of lamps is computed on a group re-lamping basis at 60% of average life while ballast replacement is computed on a burnout basis.  Note that the costs associated with the replacement lamp and ballast must include both material and labor.  Light fixture cleaning cost is primarily a labor expense.

5.3 DAYLIGHTING

Daylighting is the method of lighting building interiors by using diffuse light from the sky. From an engineering standpoint, daylighting offers an alternative to electric lighting, and therefore the opportunity to reduce energy costs.  There also is increasing evidence that daylight is essential for the health, well being and productivity of individuals. These aspects however are more difficult to quantify. 

Modern electric lighting, inexpensive electricity, and the interest in fully conditioned environments have all contributed to a situation where daylighting often has been ignored in contemporary building design. However, with recent advances in controls, high-performance glazing, and software tools, there is a renewed interest in active daylighting.

For most commercial and institutional buildings, lighting represents 30 percent to 40 percent of the total building energy load. Additionally, the portion of air conditioning utilized to offset electric lighting loads accounts for 10 percent to 20 percent of the energy load. This equates to roughly 50 percent of a building’s energy load being attributed to electric lighting. Daylighting as an option to electric lighting can therefore have an impact on a significant portion of the building’s energy consumption. With increased interest in sustainable design or high performance design by the state of North Carolina (See Chapter 6), daylighting is an attractive design option.

Ideally, a daylit building design combines natural and electric lighting sources into an integrated system that efficiently distributes daylight and controls the light, adapting it to the environment and the needs of the occupants. Using an integrated approach to include all design disciplines (architectural, mechanical and electrical) is important to fully realize the advantages of a daylit facility. Facility lighting design of this nature integrates several technically diverse components including electric lighting systems, adaptive lighting controls, high performance windows and skylights, and advanced light distribution systems.

Daylighting design involves specific attention to the fenestration (window/skylight) and electric lighting systems. Each system must be carefully designed and appropriate components selected. A serious barrier to integration is “discipline segmentation.” Architects design a building and its fenestration system; mechanical engineers design the HVAC system; electrical engineers design the power distribution, and sometimes the lighting, system; and perhaps a lighting designer designs the lighting system. Teams of people from each discipline design each system sequentially, and little integration usually occurs. 

Openings must be carefully sized and placed, and components carefully selected, for successful daylighting design. A successful fenestration design integrates effective daylighting, energy efficiency, aesthetics, and cost effectiveness. When designing a daylit building, the designer must carefully consider the visual tasks to be performed in a space and the needs of the occupants. People may prefer natural light but care must be taken to avoid the design mistakes that can cause thermal or visual discomfort. Reflections and brightness need to be controlled in relation to the task or design program. Glazing choices and the location and design of window openings then are carefully chosen and detailed. With the variety of window types available, fading, overheating and glare can be controlled. For example, shading devices are used to control the amount of daylight entering a space at different times of the day and year, both to produce the desired lighting effects and to reduce unwanted solar heat gains. Shading devices such as light shelves, exterior reflectors and louvered panels can also be adjustable (automatic or manual) in order to modulate light penetration, and ultimately further improve energy savings.

Daylighting doesn’t save much energy unless the electric lights are turned off or, in some cases, dimmed. Orchestrated control of electric lighting in a daylit space is required to realize energy cost savings. Manual lighting control systems (hand switches) are inexpensive and flexible but require occupant operation. Energy savings from manual devices are not predictable. Automatic lighting controls operate in response to devices such as timers, occupant sensors and light level sensors. For instance, photosensors connected to dimming ballasts can dictate lighting operation according to outside light levels. Occupancy sensors can also be added to preclude lighting use when it is unwarranted.

The first costs of incorporating a daylighting design into a building obviously needs to be evaluated in a life cycle cost study. Windows and skylights may be the best means of providing points of contact with the outside environment, however windows and skylights generally cost more than solid walls. Lighting controls are another added expense. In contrast, good daylighting can lead to an overall reduction in a building’s cooling load, which decreases the need/size of air conditioning equipment. All of these aspects need to be carefully considered.

5.4 POWER DISTRIBUTION

Too often, little initial study is given to the losses in a building electrical system.  The usual design procedure is to locate the electrical loads and determine their size, estimate conductor lengths required, select conductor ampacities for load currents as allowed by the National Electric Code, and size the protective and control devices in the circuits.  The cumulative sum of the loads is used to size distribution and service equipment.  

In evaluating the life cycle cost implications of utilizing higher ampacity conductors, the additional cost for wiring, raceway, and labor must be determined, in addition to the reduction in energy losses.  For such conditions busway is an alternative that consolidates wiring and possibly reduces resistance line losses. As distribution voltages are increased, the wire size required is reduced.  For example, 1000 KVA of 3-phase load requires 2406 amps at 240V, 1203 amps at 480V, and only 46.3 amps at 12,470V.  While most building components today are designed for the typical 277/480V 4-wire system, the designer must investigate the potential for higher distribution voltage for certain large loads such as chillers.  Under this scheme, higher costs for multiple distribution systems, switchgear, and transformers will be incurred.  However, lower costs for wiring, raceway, and labor will result, along with reduced energy losses in the system.

Where reasonable, distribution system components may also be evaluated on a life cycle cost basis. Transformers in particular may be candidates for selection based on data such as efficiency, size and type. Likewise, generation systems may also warrant life cycle cost analysis. The use of distributed generation is becoming more a part of standard construction methods as the first cost of these systems decreases. Most notably in areas with high energy costs, users have reported significant energy cost savings through the use of micro-turbines, fuel cells, etc.

The electrical engineer must be knowledgeable in the various electric utility rates available to the facility and evaluate the best rate structure for the state (see appendix G). The utilities in North Carolina have significantly different approaches to pricing their power.  Since the "energy crisis" of the early 1970’s, electric utilities have introduced a number of rate schedules that are designed to allow the consumer to modify his electrical energy use patterns and receive a reduction in cost for that usage. Without exception, these rates are demand-oriented, since demand is of far greater concern to the utility than the actual kWh consumption. Examples of special rate structures include “Time of Day”, “Parallel Generation”, “Thermal Storage” and “Interruptible”.   Obviously, careful analysis is required before any type of special electric rate is selected.

CHAPTER 6

HIGH PERFORMANCE DESIGN THROUGH LIFE-CYCLE COST ANALYSIS

In recent years, a new term has entered the lexicon of the construction industry: high performance buildings.  These are buildings that satisfy four criteria:


1.  They are energy efficient,


2.  They have a low life cycle cost,


3.  They are healthy for their occupants, and


4.  They encompass sustainable design/green architecture principles.

Chapters 3-5 of this text address the first two criteria.  The purpose of this chapter is to discuss the second two.

High performance design is an all-inclusive philosophy and must include the entire design team from the very beginning of the project.  This team will include the owner, the State Construction Office, the architect, and the engineers, but may also include specialists in indoor air quality, materials, etc.

The elements that must be considered for high performance design are no different from the elements presented in Chapters 3 through 5.  However, the perspective toward each element applied by the design team does vary significantly.

6.1 SITE
For most projects, the siting of a facility can have the greatest impact on building performance.  High performance designers must recognize the building’s relationship to and impact on the larger contest of community and attempt to balance the opportunity of environmental stewardship, economic opportunity, and the demands for services and resources that projects place on their surroundings.

In this context, there are a number of design elements that can be evaluated on a life cycle cost basis:

1.  The site is considered as part of a larger whole.  The impact of the project on energy supply networks, water supply and treatment, waste streams, traffic pattern and counts, existing infrastructure, etc. must be evaluated against life cycle cost and environmental planning and design requirements.

2.  Look for opportunities to repair sites damaged by inappropriate use or poor design.  Restoring previously used sites will benefit the existing environment and, by using existing infrastructure, may lower life cycle costs.

3.  Site selection and orientation on the site are the keys to the use of daylighting.  Other elements to consider are surrounding structures or site features that produce shading or glare.

4.  Minimize the impact of building services on the site.  This may include siting the building to minimize utility lines or, at least, coordinating placement of utility lines so they can be buried near other corridor areas (pedestrian or vehicle) that are already disturbed.

6.2 MATERIALS

Designers must weigh the long-term performance of each material against such factors as cost, environmental impact, aesthetic appeal, maintenance, interior air quality, etc.  Also, the design team must consider the consequences of the manufacture, acquisition, transportation, and installation of each material.

1.  Choose products with the least toxic manufacturing process.  For example, rigid insulation should not be “foamed” with CFC refrigerant gas, carpets should be solution-died, and electrostatic painting is a better painting process.  Manufacturers that use pre-consumer waste from their own processes have lower waste disposal costs and require less raw material for manufacturing.

2.  Choose products that are manufactured with the least energy intensive process.  Materials that are not as highly processed or dependent on synthetics are preferable to those that rely on energy and resource intensive processes.  Investigate how products are packaged and shipped.

3.  Specify “sustainable” products, preferably with recycled content, such as composite wood products, laminated trusses, structural insulated panels, cellulose insulation, etc.

4.  Consider reused or salvaged building materials.

5.  Use materials that will contribute to good indoor air quality (or, at least, not contribute to bad indoor air quality).  Avoid products with toxic, carcinogenic, or other harmful content.  If off-gassing material is unavoidable, pick materials that will off-gas quickly and completely before the building is occupied.

6.  Choose materials that do not have harmful cleaning and maintenance needs.

7.  Detail assemblies for easy disassembly.  Detail fasteners and connectors to allow for replacement and eventual reclamation of building materials.

6.3 DAYLIGHTING

In high performance buildings, particular attention is paid to the lighting systems.  Daylighting, which provides natural light deep within the building space, has been shown to be a beneficial element of high performance design:

· Students in daylit schools express increased interest and satisfaction perform better.

· Daylighting in offices and commercial buildings has been linked to reduced absenteeism and lower health-related employee costs.

The sun is an abundant source of radiant energy and about half of this energy reaches the earth's surface as visible radiation, sunlight.  The other half is the invisible short wavelength (ultraviolet) components and the long wavelength (infrared) radiation.  When absorbed, all of this radiation is converted to heat.  Therefore, the design for utilizing the visible half of the energy for daylighting must include consideration of the total radiation that impacts on the building heating and cooling requirements.

North Carolina is only "average" in the incidence of sunshine, receiving approximately 2800 hours annually, compared to the Southwest which receives upwards of 4000 hours of sunshine.  We get about 6 hours of daily sun in the winter and 9-10 hours during the summer.  On clear days, the sun produces an average of 72 footcandles on a horizontal surface during the summer and 34 footcandles on a horizontal surface in winter. 

In considering the use of daylighting in state facilities, and evaluating its use on a life cycle cost basis, a number of factors must be included in the analysis: 

1.  Cost of daylighting fenestration and reflective surfaces, including exterior light shelves, etc.

2.  Cost of artificial lighting system.

3.  Cost of additional controls for artificial lighting system to provide automatic dimming based on level of daylighting available.  This control system is the critical element required to produce energy savings in the lighting system.

4.  Cost of wall and/or roof systems that are impacted by the daylighting fenestration design.

5.  Cost of cooling system to offset the additional solar heat gains resulting from daylighting, if any.  Note that there may be heating energy reductions due to increased winter solar heat gains.

6.  Maintenance of the daylighting fenestration, roofing, wall light shelves, etc. to maintain performance.

An excellent source of information on daylighting design is Daylighting Performance and Design by Gregg D. Ander, AIA (ISBN 0-471-28661-3).  This text provides a step-by-step guide to incorporating natural light in architectural design.

6.4 HEATING, VENTILATING, AND AIR-CONDITIONING

The design of HVAC systems is often thought of as the sizing and specifying of equipment after the building is designed.  High performance buildings require the design of the HVAC systems to be an integral part of the entire process.  The HVAC systems design must consider the following elements:

1. Consider where building functions are located.  Use spaces that require less conditioning (such as storage rooms, corridors, etc.) as buffer zones on the north side of the building.  Avoid locating small enclosed spaces or spaces with high internal heat gains on the south side of the building.  Locate HVAC equipment rooms and outdoor equipment on the north side of the building.

2.  Maximize thermal zoning.  Design strategies that use smaller zones can address building occupancy and load variations more efficiently.  Note that zoning can be dictated by space load, space use and occupancy schedule, exposure to the outdoors, ventilation requirements, and a host of other variables.

3.  Design systems that have controls for individual occupants.  Creating small zones that can be controlled by individuals or small groups helps to eliminate discomfort and distraction.

4.  Design for good indoor air quality.  Ventilate for pollution removal and provide the best filtration possible.

6.5 THERMAL STORAGE

Thermal storage is often applied to high performance buildings to reduce cooling costs while satisfying cooling load requirements.

The most common application for thermal storage is to store chilled water or make ice for use during peak load periods to help offset the imposed cooling requirements, thus reducing the load imposed on the refrigeration requirement and the resulting electrical demand.  For buildings with high cooling loads, the summer peak electrical demand can carry through year-round as the "billing demand" resulting in significant excess demand charges being imposed.  Thermal storage, by reducing the summer peak electrical load, can impact this demand "ratchet".

The typical thermal storage system consists of a chiller and one or more storage tanks, piped in parallel.  In operation, the chilled water pump provides a constant flow through the chiller, which has been selected to provide a cooling capacity of 40-60% of the peak requirement.  With 2-way valve control at the cooling coils, the total system chilled water flow will vary from zero, at no load, to the maximum design flow rate at full load.  When the system cooling requirement is less than the chiller water pump flow rate, excess chilled water flows forward through the tank to "charge" the tank.  When the system demand exceeds the chilled water pump flow, water is drawn from the tank, resulting in "discharging".

The use of thermal storage not only reduces peak demand, it defers significant ton-hours of chiller operation to nighttime hours when lower outside air temperatures will result in lower condensing temperatures.  This improves the chiller efficiency and, to some extent, reduces kWh.  Also, since more cooling load is shifted to "off peak" hours, the application of time-of-day rates becomes important with thermal storage.

The analysis of thermal storage requires that an accurate 24-hour cooling load profile be developed.  Basically, this consists of developing, for the design day, the outdoor temperature and imposed cooling load at each hour.  The total daily cooling requirement must still be met by the chiller, but, utilizing thermal storage, the chiller runs 24-hours, not 10-14 hours.  The chiller, then, can be sized on the basis of the "split" between the energy required for charging versus the energy consumed in discharging, which are equal. 

Storage efficiency in chilled water tank systems is difficult to predict because of the mixing that takes place between warm return water and cold supply water.  To eliminate this problem, the storage tank is normally divided into a number of equally sized compartments.  If the number of compartments in the tank is n, then the number of compartments filled with water is n-1 since one compartment will be empty.  The storage efficiency is then given by (n-1)/n. 

For thermal energy systems, the following basic cost parameters normally apply:

1.  Chiller, cooling tower, and pump costs are reduced due to the decrease in capacity required.

2.  The cost of water storage represents a significant cost increase. 

3.  There typically will be no kWh cost saving.  If heat losses from the storage exceed the energy saved from night chiller operation, the net cooling energy requirements may actually increase.  Proper thermal insulation of the storage tank is required. 

4.  Savings from electrical demand reductions and the shift of a portion of the cooling energy consumption to off-peak periods requires that actual electrical utility rates be utilized in the analysis.  (Do not use average electrical costs!)

CHAPTER 7

LIFE-CYCLE COST BID METHODS

State procurement regulations require that materials and services be purchased on a bid basis.  The contract or purchase must be awarded to "the lowest priced qualified bidder".  Historically, this process has resulted in designer’s plans and specifications to define the scope and details of the project against which to receive bids for the construction of the defined project.  The cost represented by this bid process is simply the investment cost.  However, within the parameters of the plans and specifications, the contractor can provide any piece of equipment or product, or utilize any construction technique that will lower his costs and result in his becoming the successful "low" bidder.

Too often, the state has suffered from construction that "met the specs", but resulted in higher energy and/or maintenance costs over the life of the facility.  To improve this condition, the designer is encouraged to utilize life-cycle cost bidding methods for major components that will impact operating costs.  Utilizing these methods, the bid price against which a contact is awarded or a purchase made is based on more than simply the first cost.

Designers are encouraged to evaluate each facility and to develop life-cycle cost bid parameters for any major component of the building that impacts energy and/or maintenance cost.  At a minimum, designers shall utilize life-cycle bids for the following pieces of individual equipment:

Electric Drive Chillers (Air- or water-cooled)


200 tons and larger

Cooling Towers


200 tons and larger

Boilers
150 boiler horse-power (bohp) and larger



Any Electric Drive Equipment (pumps, fans, etc.)
75 hp motor size and larger

From each bidding vendor, both an “Add Alternate Bid Price” and a "Technical Proposal" are required.  

The designer must define (1) the cost and performance information that the vendor must submit as part of an add alternate bid price and (2) the life cycle cost computation methodology to be used for contract award.  As discussed in the following sections, the designer will typically define an annual load profile for the equipment item, along with an economic life (in years) and an energy unit cost to be applied. The contractor provides both an “add alternate” cost for the item, but specific energy performance data required by the designer.

The Technical Proposal is the potential vendor's response to the technical requirements for the equipment as defined in the specifications and amounts to a preliminary submittal.  The vendor's technical proposal must address each major aspect of the specification requirements and define his compliance or non-compliance with these requirements.  The designer will utilize the technical proposal to establish the "qualified bidder" criteria of the procurement regulation and, thus, can eliminate bidders whose equipment does not comply with the specifications, i.e., is "unqualified".  

7.1  CHILLERS

Chiller efficiency is measured in terms of electrical use per ton of cooling. A measure of chiller efficiency that accounts for periods of part load usage is the Integrated Part Load Value (IPLV). IPLV is a consistently derived value for chiller manufacturers and should be used in the technical specifications as a qualifying factor. The maximum IPLV value recommended in Table 7-1 is in accordance with ASHRAE guidelines.  Other guidelines recommend that the maximum IPLV be as much as 25% lower than these values. The designer and owner must decide on the maximum IPLV to be specified.  

A variety of chiller components (tube quantity, shell length, compressor size/quantity) can be selected by a chiller manufacturer in order to best satisfy a given load profile. Because chillers can be customized for optimum performance, there are typically significant benefits to the state from purchasing the chiller on a life cycle cost basis.

As part of the technical requirements to be met by the proposed chiller, the mechanical engineer shall provide the data defined in Table 7-1.

Table 7-1

Chiller Technical Requirements

(data to be provided by the engineer):
Comments:

Capacity, tons
per project requirements

Maximum IPLV
Recommended:

0.78 for chillers 300 tons and smaller

0.66 for chillers larger than 300 tons

Chilled Water Leaving Temperature, deg F
per project requirements

Chilled Water Flow, gpm
per project requirements

Maximum Evaporator Pressure Drop, ft WG
per project requirements

Evaporator Fouling Factor
per project requirements

Condenser Water Entering Temperature, deg F
per project requirements

Maximum Condenser Pressure Drop, ft WG
per project requirements

Condenser Fouling Factor
per project requirements

Electrical, V/Ph/Hz
per project requirements

Acceptable Refrigerant Type(s)
per project requirements

Maximum Sound Power, dBA
at full load, per ARI 370

The mechanical engineer must provide a cooling load profile that is utilized to evaluate the chillers proposed by the vendors at bid time. This cooling utilization profile must be representative of the anticipated cooling loads imposed by the facilities served by the chiller(s), and may be formatted as follows: 

Chiller Utilization Profile

Load

%
Load

(tons)
Hours 

per 

Year
Condenser Water Temperature Entering Chiller

(deg F)

100




75




50




25




The vendor must submit the part load performance values for the proposed chiller for each of the four operating points defined by the designer, as follows: 

Chiller Part Load Performance

Load

%
Load

(tons)
Input Energy

(kW)
Condenser Water Temperature Entering Chiller

(deg F)

100




75




50




25




The life cycle cost of the proposed chiller is be determined as follows:

Life Cycle Cost = Purchase Cost + (first year operating cost  x  23 year economic life)

The first year operating cost is computed based on the specified cooling load utilization profile, the part load performance of the chiller submitted by the vendor, and the defined cost of electricity. The successful bidder will be selected  based on the proposed chiller with the lowest life cycle cost.

7.2 COOLING TOWERS

Because there are a variety of cooling tower types and control options (fan speed, etc.), there may be significant benefits to the state from purchasing the cooling tower and control package on a life cycle cost basis.

As part of the technical requirements to be met by the proposed cooling tower, the mechanical engineer must provide the data defined by Table 7-2.

Table 7-2

Cooling Tower Technical Requirements

(data to be provided by the engineer):
Comments:

Nominal Capacity, tons
per project requirements

GPM
per project requirements

Maximum Pressure Drop, ft WG
per project requirements

Entering Water Temperature, deg F
per project requirements

Leaving Water Temperature, deg F
per project requirements

Outdoor Air Wet Bulb Temperature, deg F
per project requirements

Fan Electrical, V/Ph/Hz
per project requirements

The mechanical engineer must provide a cooling load profile that is utilized to evaluate the cooling tower(s) proposed by the vendors at bid time. This cooling utilization profile must be representative of the anticipated cooling loads imposed by the facilities served by the towers(s) and may be formatted as follows: 

Cooling Tower Utilization Profile

Load

%
Load

(tons)
Hours 

per 

Year
Entering

Water

(deg F)
Leaving

Water

(deg F)
Outdoor Air Wet Bulb 

(deg F)

100






75






50






25






The vendor, then must submit the part load operating data for the proposed cooling tower, as follows:

Cooling Tower Part Load Performance

Load

%
Load

tons
Power

Input

(kW)
Entering

Water

(deg F)
Leaving

Water

(deg F)
Outdoor Air Wet Bulb 

(deg F)

100






75






50






25






Again, the life cycle cost is compute as follows:

Life Cycle Cost = Purchase Cost + (first year operating cost  x  economic life in years)

7.3 BOILERS

Combustion or firing efficiency is a measure of the percentage of available energy in the fuel and air that is released during the combustion process.  Most boilers below 1000 boiler horsepower have rated, or design, firing efficiencies of 82-84%. This is generally a consistent value between boiler manufacturers and should be used in the technical specifications as a minimum qualification.  However, boiler efficiency represents the combustion efficiency along with other boiler losses including radiant heat loss, blowdown loss, and unaccounted losses (which are typically assumed to be approximately 1.5%).  Radiant heat loss is a function of the boiler design and should be included in any cost analysis, while blowdown and unaccounted losses will be common to any boiler selected and can be, for this analysis, ignored.

Additionally, boiler control systems vary considerably, thus there may be significant benefits to the state from purchasing the boiler, with its burner and control package, on a life cycle cost basis.

As part of the technical requirements to be met by the proposed boiler, the mechanical engineer must provide the data in Table 7-3.

Table 7-3

Boiler Technical Requirements

(data to be provided by the engineer):
Comments:

Nominal Boiler Horsepower
per project requirements

Gross Output, Mbh
per project requirements

Minimum Firing Efficiency (input/output), %
per project requirements

Steam Pressure, psig
per project requirements

Fuel Type(s)
per project requirements

The mechanical engineer must also provide a boiler load profile, which will be utilized to evaluate specific boilers proposed by the vendors at bid time. This boiler utilization profile must be representative of the facilities being served by the boiler(s). The data provided by the engineer should be formatted as follows: 

Boiler Utilization Profile

Load

%
Load

(Mbh)
Hours per Year

100



75



50



25



The vendor must submit the part load performance data for the proposed boiler, as follows:

Boiler Part Load Performance

Load

%
Load

(Mbh)
Combustion Efficiency (%)
Radiant Losses (%)

100




75




50




25




Again, life cycle cost will be computed as follows:

Life Cycle Cost = Purchase Cost + (first year operating cost  x  economic life in years)

7.4 PUMPS, FANS, AND OTHER MOTOR-DRIVEN EQUIPMENT

Within the confines of the design performance requirements stipulated by the engineer, there may be differences in input power, and resulting energy use, by motor-driven equipment proposed by different vendors.  This condition exists not so much because of significant differences in the equipment, but differences in size ranges, etc. that result in one particular operating condition favoring one vendor's equipment over another.  Obviously, for small equipment, the use of life cycle cost bidding amounts to overkill.  But for equipment with motor horsepower over 75 HP this evaluation should be made.  Similar to the formats described above, the engineer is required to develop a load profile for use in computing cost effectiveness of the fan, pump, etc. For constant volume systems the comparisons are simply based on full-load efficiencies. For variable volume systems, an added level of control equipment may be warranted to improve energy efficiency.

As part of the technical requirements to be met by the proposed equipment, the mechanical engineer must provide data (as applicable to the proposed equipment) as shown in Table 7-4.

Table 7-4

Equipment Technical Requirements

(data to be provided by the engineer):
Comments:

Capacity (gpm, cfm, etc.)
per project requirements

Minimum Equipment Efficiency, %
per project requirements

Minimum Motor Efficiency (input/output), %
per project requirements

Electrical, V/Ph/Hz
per project requirements

The mechanical engineer must also provide an equipment load profile, which shall be utilized to evaluate specific equipment proposed by the vendors at bid time. This equipment utilization profile is to be representative of the facilities being served by the equipment(s). The data provided by the engineer should be formatted as follows: 

Equipment Utilization Profile

Load

%
Load

(gpm, cfm, etc.)
Hours per Year

100



75



50



25



The vendor must submit the part load performance values for the proposed equipment. These should meet or exceed the loads required by the equipment utilization profile and should be formatted as follows: 

Equipment Part Load Performance

Load

%
Load

(gpm, cfm, etc.)
Power Input 

(kW)

100



75



50



25



Life cycle cost for the equipment is computed as follows:

Life Cycle Cost = Purchase Cost + (first year operating cost  x  economic life in years)

Appendix A: LIFE-CYCLE COST ANALYSIS REQUIREMENT FOR STATE    FACILITIES

In 1973-74, when energy prices began a rapid upward spiral, the cost of operating State facilities became a concern. Early studies indicated that most buildings had been designed with no effort to limit the energy use by that building. Consequently, in 1975, the General Assembly enacted legislation to require that new State facilities be designed on a life cycle cost basis.  This legislation was modified and expanded in 1995 as Part 1 of Article 3B of NCGS Chapter 143.  In 2001, the statute was modified to (1) reduce the size for “triggering” the life cycle cost analysis requirement from 40,000 gsf to 20,000 gsf and (2) impose analysis “certification” requirements on the State Construction Office.

The legislation requires that building designers evaluate a broad range of design decisions in order to select the alternative design element that results in the lowest life cycle cost for the building. The State Construction Office has established basic procedures for compliance with this mandate in Section 321 of the North Carolina Construction Manual. Each new or renovated State “facility” of 20,000 square feet or more must be designed on the basis of life-cycle cost.

This legislation, Chapter 143, Article 3B – Part 1, of the General Statutes, reads as follows:

Article 3B.

Energy Conservation in Public Facilities.

Part 1. Energy Policy and Life-Cycle Cost Analysis.

143-64.10. 
Findings; policy. 

(a)
The General Assembly hereby finds:

(1)
That the State shall take a leadership role in aggressively undertaking energy conservation in North Carolina;

(2)
That State facilities have a significant impact on the State’s consumption of energy;

(3)
That energy conservation practices adopted for the design, construction, operation, maintenance, and renovation of these facilities and for the purchase, operation, and maintenance of equipment for these facilities will have a beneficial effect on the State’s overall supply of energy;

(4)
That the cost of the energy consumed by these facilities and the equipment for these facilities over the life of the facilities shall be considered, in addition to the initial cost;

(5)
That the cost of energy is significant and facility designs shall take into consideration the total life-cycle cost, including the initial construction cost, and the cost, over the economic life of the facility, of the energy consumed, and of operation and maintenance of the facility as it affects energy consumption; and

(6)
That State government shall undertake a program to reduce energy use in State facilities and equipment in those facilities in order to provide its citizens with an example of energy-use efficiency.

(b)
It is the policy of the State of North Carolina to ensure that energy conservation practices are employed in the design, construction, operation, maintenance, and renovation of State facilities and in the purchase, operation, and maintenance of equipment for State facilities. 

143-64.11.
Definitions.

For purposes of this Article:

(1)
“Economic life” means the projected or anticipated useful life of a facility.

(2)
“Energy-consumption analysis” means the evaluation of all energy-consuming systems and components by demand and type of energy, including the internal energy load imposed on a facility by its occupants, equipment and components, and the external energy load imposed on the facility by climatic conditions.

(2a)
“Energy Division” means the State Energy Office of the Department of Administration.

(2b)
“Energy-consuming system” includes but is not limited to the following equipment or measures:

a.
Equipment used to heat, cool, or ventilate the facility;

b.
Equipment used to heat water in the facility;

c.
Lighting systems;


ft
On-site equipment used to generate electricity for the facility;

e.
On-site equipment that uses the sun, wind, oil, natural gas, liquid propane gas, coal, or electricity as a power source; and

f.
Energy conservation measures in the facility design and construction that decrease the energy requirements of the facility.

(3)
“Facility” means a building or a group of buildings served by a central energy distribution system or components of a central energy distribution system.

(4)
“Initial cost” means the required cost necessary to construct or renovate a facility.

(5)
“Life-cycle cost analysis” means an analytical technique that considers certain costs of owning, using, and operating a facility over its economic life, including but not limited to:

a.
Initial costs;

b.
System repair and replacement costs;

c.
Maintenance costs;

d.
Operating costs, including energy costs; and

e.
Salvage value.

(6)
Repealed by Session Laws 1993, c. 334, s. 3.

(7)
“State agency” means the State of North Carolina or any board, bureau, commission, department, institution, or agency of the State.

(8)
“State-assisted facility” means a facility constructed or renovated in whole or in part with State funds or with funds guaranteed or insured by a State agency.

(9)
“State facility” means a facility constructed or renovated, by a State agency. 

143-64.12.
Authority and duties of State agencies.

(a)
The General Assembly authorizes and directs that State agencies shall carry out the construction and renovation of State facilities, under their jurisdiction in such a manner as to further the policy declared herein, ensuring the use of life-cycle cost analyses and energy-conservation practices.

(b)
The Department of Administration shall develop and implement policies, procedures, and standards to ensure that State purchasing practices improve energy efficiency and take the cost of the product over the economic life of the product into consideration. The Department of Administration shall adopt and implement Building Energy Design Guidelines. These guidelines shall include energy-use goals and standards, economic assumptions for life-cycle cost analysis, and other criteria on building systems and technologies. The Department of Administration shall modify the design criteria for construction and renovation of facilities to require that a life-cycle cost analysis be conducted pursuant to G.S. 143-64.15. The Department of Administration, as part of the Facilities Condition and Assessment Program, shall identify and recommend energy conservation maintenance and operating procedures that are designed to reduce energy consumption within the facility and that require no significant expenditure of funds. State departments, institutions, or agencies shall implement these recommendations. Where energy management equipment is proposed for State facilities, the maximum interchangeability and compatibility of equipment components shall be required.

The Department of Administration shall develop a comprehensive energy management program for State government. Each State agency shall develop and implement an energy management plan that is consistent with the State’s comprehensive energy management program.

143-64.13: Repealed by Session Laws 1993, c. 334, s. 5.

143-64.14: Recodified as 143-64.16 by Session Laws 1993, c. 334, s. 7.

143-64.15.
Life-cycle cost analysis.

(a)
A life-cycle cost analysis shall include, but not be limited to, the following elements:

(1)
The coordination, orientation, and positioning of the facility on its

physical site;

(2)
The amount and type of fenestration employed in the facility;

(3)
Thermal characteristics of materials and the amount of insulation incorporated into the facility design;

(4)
The variable occupancy and operating conditions of the facility, including illumination levels; and

(5)
Architectural features which affect energy consumption.

(b)
The life-cycle cost analysis performed for any State facility shall, in addition to the requirements set forth in subsection (a) of this section, include, but not be limited to, the following:

(1)
An energy-consumption analysis of the facility’s energy-consuming systems in accordance with the provisions of subsection (g) of this section;

(2)
The initial estimated cost of each energy-consuming system being compared and evaluated;

(3)
The estimated annual operating cost of all utility requirements;

(4)
The estimated annual cost of maintaining each energy-consuming system; and

(5)
The average estimated replacement cost for each system expressed in annual terms for the economic life of the facility.

(c)
The General Assembly requires each entity to conduct a life-cycle cost analysis pursuant to this section for the construction of any State facility or State-assisted facility or the renovation of any State-assisted facility of 20,000 or more gross square feet.

(d)
The life-cycle cost analysis shall be certified by a registered professional engineer or bear the seal of a North Carolina registered architect, or both. The engineer or architect shall be particularly qualified by training and experience for the type of work involved, but shall not be employed directly or indirectly by a fuel provider, utility company, or group supported by fuel providers or utility funds. Plans and specifications for facilities involving public funds shall be designed in conformance with the provisions of G.S. 133-1.1.

(e)
In order to protect the integrity of historic buildings, no provision of this Article shall be interpreted to require the implementation of energy-cost measures that conflict with respect to any property eligible for, nominated to, or entered on the National Register of Historic Places, pursuant to the National Historic Preservation Act of 1966, P.L. 89-665; any historic building located within an historic district as provided in Chapters 160A or l53A of the General Statutes; any historic building listed, owned, or under the jurisdiction of an historic properties commission as provided in Chapter 160A or 153A; nor any historic property owned by the State or assisted by the State.

(I)
Each State agency shall use the life-cycle cost analysis over the economic life of the facility in selecting the optimum system or combination of systems to be incorporated in the design of the facility.

(g)
The energy-consumption analysis of the operation of energy-consuming systems in a facility shall include, but not be limited to:

(1)
The comparison of two or more system alternatives;

  (2)
The simulation or engineering evaluation of each system over the entire range of operation of the facility for a year’s operating period; and

(3)
The engineering evaluation of the energy consumption of component equipment in each system considering the operation of such components at other than full or rated outputs. 

143-64-15A.   Certification of Life-Cycle Cost Analysis
   All state agencies under the jurisdiction of the Department of Administration performing life-cycle cost analysis for the purpose of constructing or renovating any State facility shall, prior to selecting the design option or advertising for bids for construction, submit the life-cycle-cost analysis to the Department for certification.  The Department shall review the material submitted by the State agency, reserve the right to require agencies to complete additional analysis to comply with certification, perform any additional analysis, as necessary, to comply with G.S. 143-341(11), and require that all construction and renovation conducted by the State agency comply with the certification issued by the Department.

143-64.16.
Application of Part.

The provisions of this Part shall not apply to municipalities or counties, nor to any agency or department of any municipality or county; provided, however, this Part shall apply to any board of a community college. Community college is defined in G.S. 115D-2(2). 

Appendix B: ENERGY CONSUMPTION AND COST ANALYSIS
B.1  Multiple-Measure Method:  The most common multiple-measure method for computing HVAC energy consumption is the "bin" method, so-called because a set of calculations is done for each 5-degree ban (or "bin") of temperature.  Thus, a calculation will be done for the 0-4 F bin, another for the 5-9 F bin, etc.

Space loads in each bin are a fraction of their variable (or measures): The outside temperature, the corresponding solar load, and the internal loads that are dictated by occupancy.  Since solar and internal loads will vary with time (in addition to temperature), three or more "time periods" are normally considered.

The bin analysis method is based on the concept of "day types" arbitrarily selected by the designer so that an entire year is represented as a number of each day types.  The number of different day types depends on the occupancy pattern of a building.  For example, an office building is typically utilized five days each week, yielding the need for two day types: 260 "week days" and 104 "weekend days".  Another office building that is partially utilized on Saturday may require three day types: 260 "week days", 52 "Saturdays", and 52 "Sundays".  In both cases, the actual number of day types may vary depending on how holidays are treated.

Each day type is normally divided into an "occupied" (or day) period and an "unoccupied" (or "night" period, primarily to account for solar load).

The most common source of weather data for the bin analysis method is the Engineering Weather Data, compiled and published by the Departments of the Air Force, the Army, and the Navy.  This volume (often called the "Tri-Services Weather Manual") lists the number of hours of occurrence in each bin of temperature on both a monthly and annual basis.  The hours of occurrence are given for three daily time periods: 

Period


Time__________________________

  A 

0100 - 0800 (1:00 a.m. thru 8:00 a.m.)

  B

0900 - 1600 (9:00 a.m. thru 4:00 p.m.)

  C

1700 - 2400 (5:00 p.m. thru 12:00 Midnight)

Using this weather data and the specific occupancy periods required, the hours of duration of the temperature bin in each occupancy period can be determined.  

Once the total occupied and unoccupied hours at each temperature bin are known, it is only necessary to multiply these by the final load condition at that temperature to determine the annual requirement. 

Temperature-dependent heat loss or gain, including infiltration, is a direct function of outdoor temperature, being zero when the effective outdoor and indoor temperature are equal.

Solar loads are not direct functions of outdoor temperature, but are time-related to temperature during the daylight hours and the solar load at each bin of temperature can be computed as follows:

1.  Compute the peak summer and winter solar loads on the building or zone under study.  Typically this is based on a  clear sky in July and November.

2.  For each of these months, determine the "percent of possible sunshine" for the location under consideration from weather data.  This value accounts for cloud cover, industrial haze, etc., that will reduce actual imposed solar loads from the "clear sky values".

3.  Multiply the summer and winter peak solar loads by the appropriate percent of possible sunshine.

4.  The winter solar load is assumed to be coincident with the winter design outdoor temperature, and the summer solar load is assumed to be coincident with the summer design outdoor temperature.  The value of solar load at all other temperatures is computed by interpolating or extrapolating these two values on a straightline basis.

Internal heat gains are independent of outdoor temperature, being a function of the "occupancy period" only.

Most mechanical systems, except for simple single zone systems, typically serve areas in the building that will have different net load conditions at the same outdoor temperature and time condition.  The most common load variation is between the "core" and "perimeter" areas of a building.  The perimeter of a building is usually defined as the 12-15 feet of the area exposed to significant outdoor load input – transmission and solar.  The core of a building is the interior space which has little or no load imposed by outdoor conditions (transmission and/or solar).  Obviously, there can be conditions where the perimeter will require heating while the core is in a cooling mode.

The heating/cooling loads imposed by the terminal systems are converted to energy requirements as follows:

1.  Cooling energy in each bin is computed directly by the following:

kWh = Hours x Tons x kW/Ton

Note that "kW/ton" (which should include both the compressor and the associated auxiliaries such as pumps, condenser, fans, cooling towers, etc.) will vary based on the type of primary cooling system and the load ratio. 

2.  Heating energy in each bin is computed directly by the following:

MBtu = Hours x Mbh / System Efficiency

Again, "system efficiency" will vary with load.  To convert heating energy to fuel requirements, use the higher heating values for the fuels being considered.

For an in-depth discussion of the modified bin method analysis, the following publication is recommended: Simplified Energy Analysis Using the Modified Bin Method, American Society of Heating, Refrigerating, and Air-Conditioning Engineers, Atlanta, GA, 1983, ISBN 0-910110-39-5.

Obviously, even the simplified bin method is tedious to use when computations must be done "by hand" and at least one computer program that utilizes this method is available, as follows:

ASEAM-5 simulates building heating and cooling requirements using the modified bin method of calculation with 95-96% of the accuracy of hour-by-hour simulation.  The program is distributed free by the U.S. Department of Energy, Federal Energy Management Program, EE-90, 1000 Independence Avenue, SW, Washington, DC 20585; Phone: (202) 586-8017; Fax: (202) 586-3000; Email: Theodore.Collins@ee.doe.gov; World Wide Web: www.fishbaugher.com.

B.2  Detailed Simulation Methods:  Computed-based energy calculation programs, typically utilizing an "hour-by-hour" calculation method, are available to the designer.  The following is a list of computer software programs that engineers, architects and analysts use to model and analyze energy requirements for commercial or large buildings. Only general information on each program and the source from where it is

available are provided. Please contact the sources listed for more detailed information on specific operating environment requirements, capabilities, report functions, technical support, and the availability of new versions and other energy software.  Most have demo disks available either by mail or via the World Wide Web. Price and availability may change at any time. 

BLAST (Building Loads Analysis and System Thermodynamics) performs hourly simulations of buildings, air handling systems, and central plant equipment. The zone models of BLAST, which are based on the fundamental heat balance method, are the industry standard for heating and cooling load calculations. Price a new installation is $1,500.00. This package contains almost 400 weather files as well as documentation (all on CD ROM). For more information, contact: BLAST Support Office, Building Systems Laboratory, Department of Mechanical & Industrial Engineering, University of Illinois, 140 Mechanical Engineering Building, MC-244, 1206 West Green Street, Urbana, IL 61801; Phone: (217) 333-3977; Fax: (217) 244-6534; Email: support@blast.bso.uiuc.edu; World Wide Web: www.bso.uiuc.edu/blastmain.htm

DOE-2 is a whole-building energy analysis program that calculates energy performance and life-cycle cost of operation. It can be used to analyze energy efficiency of given designs or efficiency of new technologies. Other uses include utility demand-side management and rebate programs, development and implementation of energy efficiency standards and compliance certification, and training building professionals in architecture and engineering schools. DOE-2 was initially developed for application on mainframe computers. The code was later adopted for running on PC’s, and there are a number of companies that sell PC versions with different customized features and options:

ADM -DOE2.1E (PC version), ADM Associates, Inc., 3239 Ramos Circle, Sacramento, CA 95827; Phone: (916) 363-8383; Fax: (916) 363-1788; Email: adm@adm-energy.com; World Wide Web: www.adm-energy.com

DOE-Plus (2.1E) (PC version), ITEM Systems, 321 High School Road, Suite 344, Bainbridge Island, WA 98110; Phone: (206) 855-9540; Fax: (206) 855-9514; Email: byrne@item.com; World Wide Web: www.halcyon.com/byrne

ENERGYPRO (PC Version), EnergySoft,Inc., 100 Galli Drive #1, Novato, CA 94949-5657; Phone: (415) 883-5900; Fax: (415) 883-5970; Email:vsupport@energysoft.com; World Wide Web: www.energysoft.com

eQUEST (Energy Quick Simulation Tool) is based on DOE-2, but includes graphics and help wizards that provides sophisticated building energy use simulation without requiring extensive experience in the art of building peformance modeling.  This program is supported by the State of California and can be downloaded from DOE2.com/equest/index.html or can be purchased on CD for $55 from James J. Hirsch & Associates, 12185 Presilla Road, Camarillo, CA 93012.  

EZDOE (2.1) (PC version), Elite Software, Inc., P.O. Drawer 1194, Bryan, TX 77806; Phone: (800) 648-9523 or (979) 846-2340; Fax: (979) 846-4367; Wold Wide Web: www.elitesoft.com

FTI/DOE2 (PC Version), Scott Henderson, 3763 Image Drive, Anchorage, AK 99504; Phone: (907) 333-8937; Fax: (907) 333-4482; Email: info@finite-tech.com; World Wide Web: www.finite-tech.com

PRC-DOE2 (2.1E)(PC version), Partnership for Resource Conservation, 140 South 34th Street, Boulder, CO 80303; Phone: (303) 499-8611; Fax (303) 499-8611; Email: Paul.Reeves@DOE2.com

POWER-DOE (2.2)(PC Version), James J. Hirsch & Associates, 12185 Presilla Road, Camarillo, CA, 93012-9243; Email: Jeff.Hirsch@DOE2.com; World Wide Web: www.DOE2.com

VisualDOE-3.0 (PC "Windows" version), Eley Associates, 142 Minna Street, San Francisco, CA 94105; Phone: (415) 957-1977; Fax: (415) 957-1381; Email: info@eley.com; World Wide Web: www.eley.com

ENERPASS provides detailed estimates for building energy consumption for up to seven zones in commercial buildings. Data is available for 38 U.S. cities. It uses hourly simulation methods. The program costs $320. Add-on modules for thermal comfort and indoor air quality analysis are also available. Available from Enermodal Engineering Ltd., 650 Riverbend Drive, Kitchener, Ontario N2K 3S2, Canada; Phone: (519) 743-8777; Fax: (519) 734-8778; Email: office@enermodal.com; World Wide Web: www.enermodal.com

HAP (Hourly Analysis Program) is a system design and energy simulation tool in one package.  Version 4.0 of the program is Windows-based and uses a graphical user interface for input.  The energy simulation module uses 1-hour time increment for a full year.  This program, like TRACE 700, is designed for the practicing design engineer, but uses techniques very similar to DOE-2.1 to simulate systems performance. The first year license fee is $1,195, with annual renewal thereafter costing $240.  Available from Carrier Corporation, Software Systems, TR-1, Room 250, P.O. Box 4808, Syracuse, NY 13221; Phone: (315) 432-6838; Fax: (315) 432-6844; Email: software.systems@carrier.utc.com; World Wide Web: www.carrier-commercial.com.

TRACE 700 (Trane Air Conditioning Economics) models virtually any building, any air system, any heating, cooling, or generating equipment, and any economic/utility scenario, and then helps to quickly compare them. The program takes you step-by-step from basic building parameters, such as geographic location (includes over 480 global weather profiles), to complicated system modeling, such as ice storage systems. A standard license is $1,995.00, plus an annual renewal fee of $460. For more information, contact a local Trane sales office or The Trane Company, C.D.S. Administration, 3600 Pammel Creek Road, La Crosse, WI 54601; Phone: (608) 787-3926; Fax: (608) 787-3005; World Wide Web: www.trane.com/commercial/software

TRNSYS, commercially available since 1975, is designed to simulate the transient performance of thermal energy systems.  TRNSYS allows users to completely describe and monitor all interactions between system components. Because the components are written in Fortran, a user can easily generate a TRNSYS component to model any new technology that is created. Historically, TRNSYS has been used for simulating solar thermal systems, modern renewable energy systems including PV and wind power, more general HVAC systems, and buildings. TRNSYS 14.2 for Windows, first released in 1996, culminates an international effort among universities, research facilities, distributors, and users to move TRNSYS  to the Windows 95/98 and Windows NT platforms. TRNSYS 14.2 features many improvements to the existing graphical user-interface programs in the TRNSYS package and the addition of an alternative front-end for TRNSYS, IISiBat. A new installation for commercial users starts at $4,000.00. For more information, contact: Solar Engineering Laboratory, University of Wisconsin-Madison, 1500 Engineering Drive, Madison, WI 53706; Phone: (608)

263-1589; Fax: (608) 262-8464; Email: trnsys@sel.me.wisc.edu; World Wide Web: http://sel.me.wisc.edu/trnsys

The designer is encouraged to investigate these methods, but is also cautioned that the programs are typically time-consuming, often require data that will not be available except at the last stages of design, are expensive, and seldom yield results appreciably better than the modified bin method.

There are efforts underway to improve the “useability” of these detailed simulation methods and one effort deserves special mention:

Architects may particularly like Building Design Advisor, which is an ongoing project at the Lawrence Berkeley National Laboratory (LBL).  This software has data manager and graphic input module married to the DOE-2 energy module.  Thus, designers can define “design elements” (building shape, fenestration, wall construction, etc.) in graphical terms and the program will compute the energy consumption associated with the element using simple HVAC concepts using DOE-2.  To download the program, go to the LBL website at http://gaia.lbl.gov/dba/.

B.3  Special Analysis Methods:  For some design alternatives, particularly passive solar systems, thermal storage, water source heat pump systems, daylighting, etc, normal analysis methods will not accurately reflect the energy consumption.  For these types of applications, special calculation techniques must be used, either manual or computer-based.  The following is a listing of sources for analysis tools that are available: 

EnergyPlus is another DOE software tool that is under development.  Version 1.0 was released on April 12, 2001 and is available by download from www.eren.doe.gov/buildings/energy_tools/energyplus/.  This software uses many of the basic simulation methods from BLAST and DOE-2, but can use a time step of less than one hour and plans are to include simulation of new systems such as photovoltaics, fuel cells, etc.  Caution: this is still a research tool and input is exceedingly difficult.  DOE expects that, over time, commercial users will develop graphical user interfaces for the simulation models.

ADELINE (Advanced Day- and Electric Lighting Integrated New Environment) provides daylighting, electric lighting, and whole building analysis for large commercial building applications.  The purchase price is $450.  Contact the Building Technologies Program, Lawrence Berkeley National Laboratory, Mail Stop 90-3111, 1 Cyclotron Road, Berkeley, CA 94720; Phone: (510) 486-7916; Fax: (510) 486-4089; Email: CKEhrlich@lbl.gov; World Wide Web: radsite.lbl.gov/adeline/home.html.

FLEX (3.0) (Federal Lighting Energy Expert) uses a complete lighting characterization tool to survey buildings.  It can be applied to a single room to multi-building facilities.  While designed to primarily analyze re-lighting projects, it can be easily applied to design alternatives for new buildings.  The program is available from the Federal Energy Management Program at www.eren.doe.gov/femp/resources.html.

Appendix C: ECONOMIC LIFE OF BUILDING COMPONENTS

Component__________________________Economic Life (yrs)

GENERAL CONSTRUCTION (DIVS. 2-14)

Foundations
30(+)

Substructure
30
 (masonry), 20 (wood)

Superstructure
30
 (masonry), 20 (wood)

Exterior Closure
30
 (masonry), 20 (wood or metal)

Roofing
shingles
12-20


built-up           
 17


single-ply         
20 (other than EPDM)


EPDM single-ply
10-12 



Interior Construction
10

Conveying Systems
10

Equipment
10

(See Appendix I for representative economic life information of general construction elements.) 

MECHANICAL CONSTRUCTION (DIV. 15)

Air Conditioners

  Window unit
10

  Residential Single or split package
15

  Commercial through the-wall
15

  Water-cooled package
15

  Computer room
15

Heat pumps

  Commercial air-to-air
15

  Commercial water-to-air
19

Roof-top air conditioners


  Single zone; VAV
15

  Multizone
15

Boilers

  Steel water-tube
24

  Steel firetube
25

  Cast iron
25

  Electric
15

Burners
21

Furnaces

  Gas or oil-fired
18

Unit heaters

  Gas or electric
13

  Hot water or steam
20

Radiant heaters

  Electric
10

  Hot water or steam
25

Air Terminals

  Diffusers, grilles, and registers
25

  Induction and fan-coil units; fan-powered boxes
20

  VAV boxes
20

Air Washers
17

Duct work
30

Dampers
20

Fans

  Centrifugal
25

  Axial
20

  Propeller
15

  Ventilating roof—mounted
20

Coils

  DX, water, or steam
20

  Electric
15

Heat Exchangers

  Shell-and-tube
24

Reciprocating compressors
20

Package chillers

  Reciprocating
20

  Rotary compressors
23

Cooling towers

  Galvanized metal
20

  Wood
20

  Stainless steel                                                                 25-30



  Ceramic
34

Air-cooled condensers
20

Evaporative condensers
20

Pumps

  Base-mounted
20

  Pipe-mounted
10

  Sump and well
10

  Condensate
15

Controls

  Pneumatic
20

  Electric
16

  Electronic
15

Piping, Ductwork, Insulation
25

ELECTRICAL CONSTRUCTION (DIV. 16):

Electric motors
18

Motor starters
17

Electric transformers
30

Engine/Generators
20

Turbine/Generators
25

Appendix D: MAINTENANCE AND REPLACEMENT COST FACTORS

Annual Recurring Maintenance Costs:

Annual recurring maintenance costs can be divided into two general classifications: preventative maintenance and “routine” maintenance repairs.  There is surprisingly little detailed information available on the costs associated with either of these classifications, primarily because of wide differences in maintenance “philosophy” exhibited by different types of owners.  For example, two identical buildings constructed at the same time, one owned by a group of investors and the other owner-occupied, can have significantly different routine maintenance costs.  The investor-owned building will probably have lower recurring costs simply because the investor approach is to avoid these costs via using a “breakdown” maintenance approach…don’t fix it until it breaks.  The owner who occupies his building will, more likely, put a preventative maintenance program into place.  However, the overall costs for the investor-owned building may actually be higher since the cost of unscheduled repairs (or, in significant cases, wholesale replacement) due to poor routine maintenance may be very high.  In fact, many maintenance programs consist of nothing more than “insurance policies”…no real preventative maintenance is done and the cost of breakdowns is insured through cash flow, sinking funds, and/or boiler and machinery insurance.

All state facilities, as owner-occupied facilities, are expected to receive preventative maintenance and routine maintenance repairs.  

To evaluate the cost of preventative maintenance for a building component or system, the best approach is to itemize all of the elements of the component or system and develop a list of work items necessary to inspect, maintain, and repair it on a routine basis (daily, weekly, bi-weekly, monthly, quarterly, and annually).  From this list, an estimate of manhours and parts can be developed and then costed.  For example, a centrifugal fan may require a 10 minute inspection every working day, a 30 minute inspection and adjustment monthly, and a yearly cleaning and inspection that takes 4 hours.  Thus, on an annual basis, this fan’s preventative maintenance requires approximately 43 manhours per year.  

Some building components, such as roofs, fenestration, cladding, etc. have relatively small preventative maintenance requirements, while others, such as elevators and escalators, doors, etc. have higher preventative maintenance needs.

Maintenance repair is the amount that must be spent each year for replacement parts that, individually, fail during the economic life of the building component or system.  While the cost of maintenance repairs in the early years will normally be lower than in later years, for purposes of analysis these costs are “averaged” on an annual basis over the economic life.

Lacking other, more specific data, the following may be used as guidelines to establish annual recurring maintenance costs for building components or systems:

General Construction (Divs. 1-14):  See Life Cycle Costing for Design Professionals (2nd Edition), Kirk, S.J. and Dell’sola, A.J. (McGraw-Hill, Inc., 1995), ISBN 0-07-034804-9.

Mechanical Systems (Div. 15): The following table has been developed from information published by the Trane Company and other sources:

Mechanical Component or System
Annual Recurring Maintenance Cost (Percent of Initial Cost)

DX Packaged Units
7.0

Water Chillers:  DX
7.0

  Rotary Compressor
3.5

  Absorption
3.5

Cooling Towers, Galvanized Steel
5.5

Air-Handling Systems
3.0

Fan Coil Units
3.0

Pumps
3.3

Piping:              Black Steel
5.0

 Galvanized Steel
3.0

 Copper
2.0

Fans
3.0

Coils
3.3

Control Systems
10.0

Electrical Systems (Div. 16):

General electrical system and component maintenance costs can be estimated as follows:

Electrical Component or System
Annual Recurring Maintenance Cost (Percent of Initial Cost)

Power Wiring
4.0

Low Voltage Wiring
2.0

Motor Starters
2.5

Switches
2.5

Light fixture cleaning costs can be difficult to determine and the following data can be used in absence of more specific information: 

Type of Fixture

MH to Clean

Incandescent, pendent

0.05

Incandescent, recessed

0.07

Fluorescent, pendent, open

0.10

Fluorescent, surface, enclosed
0.15

Fluorescent, recessed, enclosed
0.15

HID, 10' mounting


0.10

HID, 15' mounting


0.15

HID, 20' mounting


0.25

HID, 30' mounting


0.60

HID, 40' mounting


1.00

Multiplying these manhours by the average cost for maintenance personnel yields cleaning cost per fixture.  Multiplying by the total number of fixtures, times the number of times per year the fixtures are cleaned, yields the total cleaning cost for the facility.

Repair and Replacement Costs:

Repair and replacement costs are costs that occur at multi-year intervals during the economic life of a building component or system.  Typical repair costs, for example, may include a cladding system that requires re-caulking every 7-10 years, a chiller that requires eddy current testing every 5 years, or a revolving door that requires new bearings every 3 years. Replacement costs occur, however, simply because the component or system has reached the end of its economic life.  Appendix C summarizes the estimated economic life for a large number of building components and systems and can be used as a guide to estimate anticipated replacement costs.

For lighting systems, group relamping is generally recommended at 60% of the average lamp life, as summarized in the following table:

Lamp Type
Average Life (hours)
Relamping Period (years, based on 3000 hrs/year use)

Low pressure sodium
18,000
4

High pressure sodium
12-15,000
3

Metal halide
10-15,000
3

Mercury Vapor
24,000
5

Fluorescent
20,000
4

Appendix E: ANALYSIS AND REPORTING FORMS

Minimum Required Alternatives for Life Cycle Cost Analysis:  During the contract negotiation period, the designers, the owning agency, and the State Construction Office must agree upon the specific design alternatives to be evaluated during the life cycle cost analysis.  This form contains a number of recommended elements for study, but each project must be evaluated on an individual basis to establish a comprehensive list of alternatives for analysis.

Life Cycle Cost Analysis:  The spreadsheet software tool LCCA-1.0 must be used for computing the life cycle cost of each design alternative.

SIR Summary and Alternative Selection: Mutually exclusive design alternatives must be evaluated on the basis of their individual Savings-to-Investment Ratio (SIR).  Thus, for each set of mutually exclusive alternatives, identified on a “component” and/or “sub-component” basis, must be compared against the low first cost base case and ranked on the basis of SIR.  The spreadsheet software tool SIR-1.0 must be used for computing SIR’s and ranking mutually exclusive design alternatives.

MINIMUM REQUIRED ALTERNATIVES FOR LIFE CYCLE COST ANALYSIS

PROJECT ________________________________________  ID NO. ______________

Component
Alternatives to Analyzed
Y/N

Predesign
Maintain status quo (do nothing)



New acquisition or construction 



Leasing



Renovation, upgrade, or revitalization of an exiting facility



Use of other State facilities 










Site and Program
Building shape and orientation on the planned site (including impact on adjacent buildings)



Alternative site(s)






Architecture
Substructure

· Foundations

· Slab on grade

· Basement excavation

· Basement and retaining walls

· 



Superstructure

· Floor construction

· Roof construction

· Stair construction

· 



Wall construction

· Increased insulation levels, insulation placement, etc.

· Mass (passive solar thermal storage)

· Daylighting

· Building envelope (exterior closure) type

· 



Fenestration

· Type, amount, and location/orientation of glass

· Indoor/outdoor shading devices

· Daylighting

· 



Interior space plan

· Space arrangement 

· Circulation

· Finishes and colors

· Ceiling heights

· 



Roof construction

· Increased insulation levels, type of insulation

· Roof membrane type and color

· Daylighting

· 



Conveyances

· Selection of elevators and dumbwaiters

· Escalators




HVAC
Secondary HVAC system(s)

· System(s) type(s) and zoning

· Economizer cycle(s)

· Heat recovery (exhaust air, internal source, etc.)

· 



Primary HVAC system(s)

· System(s) type(s) and energy sources

· Pumping/piping configuration

· Heat recovery, waterside economizer cycle, etc.

· Thermal storage (electrical demand shifting)

· 


Plumbing
Plumbing system(s)

· Domestic hot water generation (method and energy source)

· 


Electrical
Lighting

· Artificial lighting levels, methods, and control, including general lighting and task lighting.

· Daylighting

· 



Power

· Voltage selection (building and large equipment)

· Transformers (quantity, locations, efficiencies)
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Appendix F:  LIFE CYCLE BID FORMS

Included here are sample life cycle bid proposals for chillers, cooling towers, boilers and other large motor driven equipment such as fans and pumps. These life cycle bid forms are described in more detail in Chapter 7. The exact format for bid proposals on a project is subject to approval by the State Construction Office or Purchase and Contract Section of the owning agency.

The following information must be included in the project manual (typically in the Notice to Bidders or in the Division 1 section on “Alternates”):

Life Cycle Bidding

1.  The Owner shall select the most cost-effective (enter equipment items) fully complying with the applicable Technical Specifications.  Cost-effectiveness shall be determined by computing a non-discounted life-cycle cost as follows:

Life Cycle Cost = Purchase Cost + [(enter economic life in years) x first year operating cost]

2.  The first year operating cost will be computed based on the proposed part load performance, an electricity cost of (enter average cost per kWh), and a defined annual load profile.

3. Submission of an add alternate purchase indicates the offeror's agreement to this condition.

For each equipment item (chiller, cooling tower, boiler, and/or other motor-driven equipment) for which a life cycle cost computation is required, an add alternate bid item must be created, essentially as follows:

Alternate No. H-x:  Provide a (enter the description of the equipment item) as indicated on the drawings and specified herein.  This item will be purchased on a life cycle cost basis with an economic life of xx years and an average cost of electricity of $0.xxx/kWh.  The following annual load profile shall be used for the life cycle cost analysis:




(insert load profile for equipment item from Chapter 7)

Provide the following information for each manufacturer and/or model of equipment proposed:


Manufacturer: _____________________________________________________

Model:
  _____________________________________________________

Add Alternate Price:________________________________________________

_____________________________________________Dollars ($___________)

Provide the part load performance data for each manufacturer and/or model of equipment proposed:



(insert “Part Load Performance” table from Chapter 7)

Appendix G: ELECTRICAL RATES AND THEIR APPLICATION

The following is a summary of the general definitions used in the majority of basic electric rate schedules:

kWh
Kilowatthour, or the amount of electricity consumed over a given period of time, typically, one month.

kW
Kilowatt, or the amount of instantaneous power utilized by the facility. A kW of load operated for one hour consumes one kWh of electrical energy.

Demand
The maximum amount of power utilized in a given period of time. Typically, this is the average (or “integrated”) kW over a 15 minute to 30 minute period. In all demand-based electric rates, a new demand is measured for each month.

Ratchet
A methodology defined in the rate schedule for establishing the monthly “billing” demand as some function of the “actual” demand over the previous months. (For example, Duke Power establishes the billing demand to be the highest monthly demand in the previous 12 months.)

Floor
This is the minimum billing demand, and is usually a function of the contract demand (the maximum KW contracted for), the actual demand, and some fixed demand. The maximum of these values, excluding the ratchet, establish the minimum billing demand.

Demand
The rate at which the billing demand is 

Charge
charged to the consumer, per kW of peak demand for the month.

Energy
The rate at which the kWh consumption is

Charge
charged to the consumer.

Extra Facilities
Fixed monthly charges by the utility to amortize their expense of installing special equipment for the benefit of the consumer, such as installing a totalizer meter on a plant that had more than one delivery point for electricity.

Utilizing these common definitions, the utilities in North Carolina will often have significantly different approaches to pricing their power. For example, Carolina Power and Light Co., along with most smaller utilities and “electricities”, utilizes the “Hopkinson Rate Structure” for their general service rates. This structure sets a unit demand charge, along with a 2- or 3-step consumption rate. These types of rates are straightforward and require, each month, only a calculation of the billing demand times the unit demand charge plus the consumption times the energy charge. The only aspect of these rates that is complicated is the application of the ratchet to properly determine the monthly billing demand.

Duke Power Co.’s general service rates are significantly more complicated in that these rates use the “Modified Wright Rate Structure”, complicated in the last few years by the splitting of the demand component. Duke’s commercial rate utilizes the concept of “hours use of demand” and is, thus, a load factor rate. On the average, there are 730 hours in each month. If a consumer had exactly the same load for all 730 hours he would have a 100% load factor and 730 hours use of demand since his constant load would be his demand. Rarely does this happen. Most facilities have a demand that lasts only 40-60% of the hours of utilization (that, in themselves, are usually less than 730 hours per month.) For example, a facility that had a monthly consumption of 1,000,000 KWH and a demand of 3500 KW would have 285 hours use of demand (1,000,000 KWH/3500 Kw = 285 hours). Under Duke’s commercial rate, the first 125 hours of use (i.e., 125 hours x 3500 KW = 437,500 KWH) would be charged in the first energy rate block. The remaining 1,000,000 KWH-437,500 KWH = 562,500 KWH would be charged in the second rate block. The energy rates in the first block are higher than those in the second block, which are lower than those in the third block. Thus. Duke has penalized the low load-factor consumers since more of their cost would be computed in the first rate block.

Of obvious concern is the impact of demand on overall electrical costs. While this varies with each utility, the following rules apply:

1.
For the low load-factor consumer. e.g. less than 200 hours use of demand per month, the unit cost for electricity will be high.

2.
For facilities that have several months in which the billing demand significantly exceeds the actual demand, (usually caused by high seasonal cooling or heating requirements), significant savings would accrue from reducing the impact of these short demand loads, changing rate schedules, or selecting an alternative energy source for cooling or heating. (Thermal storage and cogeneration also offer relief from high ratchet demand charges.)

Since the “energy crisis” of the 1970’s, electric utilities have implemented numerous types of special rates to help reduce demand on their systems by making consumer demand charges relatively high during peak system load periods, the so-called “on-peak” period.  Duke and CP&L have “time of day” rates that provide two tiers of both demand and consumption cost, one tier for on-peak periods and a much lower tier for off-peak periods.  Generally, these periods are defined as follows:

Utility
Summer On-Peak Period
Winter On-Peak Period 


Months
Hours (M-F)
Months
Hours (M-F)

Duke Power
6/1 – 9/30
1:00pm-9:00pm
10/1 – 5/31
6:00am-1:00pm

CP&L
4/1 - 9/30
10:00am-10:00pm
10/1 – 3/31
6:00am-1:00pm and

4:00pm-9:00pm

CP&L has a special rate of use with thermal storage systems that have a peak demand less than 1,000 kW.  This rate applies only to the thermal storage equipment and cannot be used for base building electrical loads.  The on-peak periods under this rate are different from the general service rates:

Utility
Summer On-Peak Period
Winter On-Peak Period 


Months
Hours (M-F)
Months
Hours (M-F)

CP&L
4/1 - 9/30
12:00noon -8:00pm
10/1 – 3/31
6:00am-1:00pm 

Appendix H:

[Reserved for Future Use]

Appendix I: QUALITY LEVEL BASED ON ECONOMIC LIFE

Item
Level  1
Level  2
Level  3
Level  4

Economic Life
100 years
50 years
25 years
15 years

Space efficiency
60%
70%
75%
80%







Sub Structure





Foundation walls (1)





Footings (1)











Super Structure





Floor Heights





First
15 to 25 feet
15 to 20 feet
15 feet
12 feet

Other Floors
14 to 15 feet
13 feet
12 feet
11 feet

Spans
35 to 40 feet
30 to 35 feet
25 to 30 feet
20 to 25 feet

Live Load (2)
100 psf 
100 psf 
80 psf
50 psf

Min Stair Width
6’-0”
5’-0”
4’-0””
3’-8”







Wall Construction











Material Quality
Granite/Marble
Limestone/Brick
Precast/Brick
Curtain Wall

Fenestration type
Bronze
Anodized Alum.
Coated Alum./Steel
Mill Finish Alum

Glazing
Solar Insulated
Insulated Low E
Insulated - tinted
Insulated clear

Automatic and Power Assist Doors
Yes
Yes
Sometimes
No

Windows
Pivoted and Fixed
Pivoted and Fixed
Sliding and Fixed
Awning and Fixed

Percent Wall Opening (3.)
 50% or More
Up to 40%
Up to 30%
Up to 25%

Revolving Doors
Yes
Yes
Sometimes
No







Roofing











Material Quality
Slate/Tile/Copper
4 ply/Metal
Single Ply, Modified, BUR
Single Ply

Skylights
Yes
Yes
Yes
No

Aesthetic Screening
100%
75%
75%
25%

Insulation R Value (4)
R-30
R-30
R-19
R-19

Footnotes:

1. Foundation and footing design shall be determined by structural analysis coordinated with the soil investigation and North Carolina State Building Code.

2. Reference the North Carolina State Building Code for project specific minimum uniformly distributed live loads. 

3. Reference the North Carolina State Building Code for project specific percent of protected and unprotected openings permitted.

4. Reference the North Carolina Energy Code for energy requirements.

Appendix I: QUALITY LEVEL BASED ON ECONOMIC LIFE (cont.)

Item
Level  1
Level  2
Level  3
Level  4

Economic Life
100 years
50 years
25 years
15 years







Interior Construction











Lobby Floors
Stone
Terrazzo
Quarry tile
VCT

Corridor Floors
Terrazzo
Terrazzo
Carpeting
VCT

Partitions
Plastered Masonry
Sound resistant metal stud and drywall
Metal stud and drywall
Metal or wood stud and drywall

Ceilings
Plaster/Acoustic
Spined/Acoustic
Acoustical Panel Tegular Grid 
Acoustical Panel Flush Grid 







Conveying Systems











Elevators (1)
Traction
Traction
Hydraulic
Hydraulic

Escalators
Yes
Possible
No
No







Sitework











Landscaping (2)
Yes – Mature Specimens
Yes – Mature Specimens
Yes – Young Specimens
Yes – Limited Scope

Terraces and Plazas
Yes
Yes
Limited Scope
No

Pedestrian Paving
Stone/Slate/Concrete Pavers
Concrete Pavers
Brick Pavers
Concrete

Special Landscape Features, i.e. Fountains, Pools, Statuary
Yes
Yes – Limited Scope
No
No







Footnotes:

5. Elevator type, finishes, fpm, and features to be determined in association with number of stops and The North Carolina Department of Labor, Elevator Division’s published guidelines.

6. Landscaping to comply with local landscape ordinances as a minimum.




0

_1062493163.xls
Sheet2

		LIFE CYCLE COST ANALYSIS																STATE CONSTRUCTION OFFICE

																		N.C. DEPT. OF ADMINISTRATION

		FOR STATE FACILITIES																RALEIGH, NORTH CAROLINA

				GENERAL DATA

						PROJECT NAME				SCIENCE RESEARCH CENTER

						PROJECT ID

						AGENCY				UNIVERSITY OF NC AT CHAPEL HILL

				DESIGN ALTERNATIVE

						ID NUMBER				92944

						TITLE				WINDOW SYSTEM

						DESCRIPTION				DOUBLE-GLAZED, THERMAL BREAK MULLIONS WITH FINS AND OVERHANGS ORIENTED TO MINIMIZE SOLAR RADIATION HEAT GAIN.

				ANALYSIS PERFORMED BY

						NAME				Herbert W. Stanford III, PE

						DATE				7-Jun-01
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		LIFE CYCLE COST ANALYSIS																STATE CONSTRUCTION OFFICE

																		N.C. DEPT. OF ADMINISTRATION

		FOR STATE FACILITIES																RALEIGH, NORTH CAROLINA

		YEAR		CAPITAL $				ENERGY $				MAINTENANCE $				REPAIR/REPLACE $						TOTAL COST

		1		$186,708				$100,000				$5,000				$1,000						$292,708

		2		$86,708				$103,000				$5,150				$0						$194,858

		3		$86,708				$106,090				$5,305				$0						$198,102

		4		$86,708				$109,273				$5,464				$0						$201,444

		5		$86,708				$112,551				$5,628				$1,126						$206,012

		6		$86,708				$115,927				$5,796				$0						$208,432

		7		$86,708				$119,405				$5,970				$0						$212,083

		8		$86,708				$122,987				$6,149				$0						$215,845

		9		$86,708				$126,677				$6,334				$0						$219,719

		10		$86,708				$130,477				$6,524				$1,305						$225,014

		11		$86,708				$134,392				$6,720				$0						$227,819

		12		$86,708				$138,423				$6,921				$1,384						$233,437

		13		$86,708				$142,576				$7,129				$0						$236,413

		14		$86,708				$146,853				$7,343				$0						$240,904

		15		$86,708				$151,259				$7,563				$7,563						$253,093

		16		$0				$155,797				$7,790				$0						$163,587

		17		$0				$160,471				$8,024				$0						$168,494

		18		$0				$165,285				$8,264				$0						$173,549

		19		$0				$170,243				$8,512				$0						$178,755

		20		$0				$175,351				$8,768				$0						$184,118

		21		$0				$0				$0				$0						$0

		22		$0				$0				$0				$0						$0

		23		$0				$0				$0				$0						$0

		24		$0				$0				$0				$0						$0

		25		$0				$0				$0				$0						$0

		26		$0				$0				$0				$0						$0

		27		$0				$0				$0				$0						$0

		28		$0				$0				$0				$0						$0

		29		$0				$0				$0				$0						$0

		30		$0				$0				$0				$0						$0

		31		$0				$0				$0				$0						$0

		32		$0				$0				$0				$0						$0

		33		$0				$0				$0				$0						$0

		34		$0				$0				$0				$0						$0

		35		$0				$0				$0				$0						$0

		TOT.		$1,400,619				$2,687,037				$134,352				$12,377

		TOTAL LIFE CYCLE COST FOR ALTERNATIVE NO.												92944								$4,234,386
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- List of design alternatives studied (App. E.1).
<}—— LCCA-1.0 printout for each alternative.

Sensitivity analysis (if required).
—SIR-1.0 printout for each group of
mutually exclusive design alternatives.

«:List of design measures
selected for the project.

~«——| .CCA-1.0 printout of total
project life cycle cost,
including estimated

annual energy

consumption.
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		SIR ANALYSIS										STATE CONSTRUCTION OFFICE

												N.C. DEPT. OF ADMINISTRATION

		FOR STATE FACILITIES										RALEIGH, NORTH CAROLINA

				PROJECT NAME				UNC-CH Science Center

				PROJECT ID NUMBER

				PROJECT DESCRIPTION

				(A)		(B)		(C)		(D)		(E)		(F)		(G)

						Life Cycle		Life Cycle		Increased		Operating

				Alternative		Investment		Operating		Investment		Cost		SIR		Rank

				ID		Cost		Cost		Cost		Savings

		1		Wall1		$210,000		$1,217,000		N/A		N/A		N/A		Base Case

		2		Wall2		$232,500		$1,210,000		$22,500		$7,000		0.31		2

		3		Wall3		$224,200		$1,200,000		$14,200		$17,000		1.20		1

		4								$0		$0		0.00		3

		5								$0		$0		0.00		3

		6								$0		$0		0.00		3

		7								$0		$0		0.00		3

		8								$0		$0		0.00		3

		9								$0		$0		0.00		3

		10								$0		$0		0.00		3
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		LIFE CYCLE COST ANALYSIS																STATE CONSTRUCTION OFFICE

																		N.C. DEPT. OF ADMINISTRATION

		FOR STATE FACILITIES																RALEIGH, NORTH CAROLINA

				DATA FOR ALTERNATIVE NO.								92944

						CONSTRUCTION YEAR						2001

						ECONOMIC LIFE						20				Years

						INFLATION RATE						3.0%				%

				CAPITAL INVESTMENT

						CAPITAL						$1,000,000				$

						LOAN/BOND						90.0%				%

						INTEREST RATE						5.0%				%

						LOAN/BOND TERM						15				Years

				ANNUAL OPERATING COSTS AND CONSUMPTION

						ELECTRICITY						$50,000				$						KWF

						NATURAL GAS						$50,000				$						MCF

						PROPANE										$						GAL

						FUEL OIL										$						GAL

						COAL										$						TONS

						MAINTENANCE						$5,000				$

				NON-RECURRING REPAIR/REPLACEMENT COSTS

						DESCRIPTION								YEAR				COST				$

														1				$1,000				$

														5				$1,000				$

														10				$1,000				$

														12				$1,000				$

														15				$5,000				$
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